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FURTHER  STUDIES  ON  THE  NEUROGENIC 
CONTROL  OF  THE  ESTROUS  CYCLE  BY 
UTERINE  DISTENTION' 

A.  V.  NALBANDOV,  W.  W.  MOORE'*  and  H.  W.  NORTON 

Department  of  Animal  Science,  University  of  Illinois,  Urbana,  Illinois 

The  mechanism  by  which  the  corpus  luteum  is  caused  to  persist  follow¬ 
ing  fertilization  in  mammals  which  ovulate  spontaneously  during  each 
reproductive  cycle  and  which  do  not  show  pseudopregnancy  following  cer¬ 
vical  stimulation  is  not  known.  The  effects  of  uterine  distention  and  the 
apparent  importance  of  the  uterine  afferent  nerve  supply  on  the  regula¬ 
tion  of  the  estrous  cycle  of  the  ewe  have  been  observed  by  Moore  and  Nal- 
bandov  (1953).  They  have  shown  that  a  foreign  body  introduced  into  the 
sheep  uterus  during  the  early  luteal  phase  of  the  estrous  cycle  causes  a 
marked  decrease  in  the  mean  length  of  the  estrous  cycle.  This  phenomenon 
is  dependent  upon  the  nerve  supply  to  the  distended  area  of  the  uterine 
horn.  Similarly  Huston  and  Nalbandov  (1953)  and  van  Tienhoven  (1953) 
have  shown  that  oviducal  stimulation  may  alter  the  qualitative  and  quan¬ 
titative  gondadotrophin  secretion  in  the  chicken.  It  is  said  that  the  intro¬ 
duction  of  lead  shot  into  the  uterine  horns  of  swine  causes  a  cessation  of 
estrous  cycles  and  a  general  physiological  state  not  unlike  anestrus  (Keller, 
1924).  Velardo  and  co-workers  (1953)  found  that  prolongation  of  pseudo¬ 
pregnancy  in  the  rat  is  related  quantitatively  to  the  amount  of  decidual 
tissue  present,  and  ovulation  and  vaginal  cornification  are  suppressed  and 
the  functional  life  of  the  corpora  lutea  is  extended.  These  observations 
suggest  an  interrelation  between  the  uterus  and  the  pituitary  gland  not 
unlike  that  involved  in  the  neurogenic  activation  of  the  adenohypophysis 


Received  for  publication  May  6,  1954. 

'  This  study  was  supported  in  part  by  a  research  grant  (G3557)  from  the  National 
Institutes  of  Health,  Department  of  Health,  Education  and  Welfare.  We  thank  Dr. 
U.  S.  Garrigus  for  his  cooperation  and  for  providing  the  animals  needed. 

*  Present  address:  Department  of  Physiology  and  Pharmacology,  Oklahoma  A  and  M 
College. 


225 


226 


NALBANDOV,  MOORE  AND  NORTON 


Volume  56 


which  may  result  in  the  discharge  of  ovulating  hormone  (LH)  in  the  rat 
(Everett,  1952),  rabbit  (Markee  et  al.,  1952),  cow  (Hansel  and  Trimberger, 
1951)  and  the  chicken  (Zarrow  and  Bastian,  1953,  van  Tienhoven  et  al., 
1954). 

The  present  experiment  was  designed  to  answer  two  questions:  (1)  Does 
the  time  during  the  estrous  cycle  at  which  the  foreign  body  is  introduced 
into  the  uterine  lumen  affect  the  resulting  modificatiop  of  the  cycle  length? 
(2)  What  is  the  relation  between  the  size  of  the  foreign  body  inserted  and 
the  degree  of  modification  of  the  cycle? 

MATERIALS  AND  METHODS 

The  data  reported  here  were  obtained  from  43  ewes  which  were  about  one  year  old. 
Each  ewe  served  as  its  own  control,  for  at  the  onset  of  the  experiment  each  ewe  was 
allowed  to  complete  at  least  two  normal  estrous  periods  prior  to  assignment,  at  random, 
to  one  of  eight  experimental  groups.  The  surgical  procedures  used  for  the  insertion  of 
the  bead  into  the  uterine  lumen  and  for  the  denervation  of  uterine  segments  have  been 
described  in  a  previous  paper  by  Moore  and  Nalbandov  (1953). 

Uterine  distention  or  irritation  was  accomplished  through  the  use  of  plastic  beads, 
of  unknown  chemical  composition,  which  were  2,  4,  or  8  mm.  in  diameter.  The  beads 
were  inserted  in  one  group  on  the  third  daj-  of  the  cycle  (early  luteal  phase  or  metestrus) ; 
in  a  second  group,  on  day  8  (late  luteal  phase  or  diestrous) ;  and  in  a  third  group  on  day  13 
(follicular  phase  or  proestrus).  The  ewes  ran  with  three  raddled  vasectomized  rams 
and  were  checked  twice  daily  for  paint  marks  which  indicated  heat  and  service  (McKen¬ 
zie  and  Terrill,  1935).  Those  animals  which  were  not  marked  during  a  period  of  over  23 
days  after  treatment  were  routinely  laparotomized  to  ascertain  whether  ovulation  had 
occurred  in  the  absence  of  heat.  The  data  concerning  the  length  of  the  estrous  cycles 
were  analyzed  statistically,  but  those  estrous  cycles  in  which  ovulation  without  heat 
occurred  were  not  included  in  the  statistical  analysis.  At  autopsy,  ovarian  and  uterine 
tissues  were  obtained  for  histological  examination. 

RESULTS  AND  DISCUSSION 

Effect  of  Time  of  Implantation 

In  an  earlier  paper  Moore  and  Nalbandov  (1953)  showed  that  the  inser¬ 
tion  of  a  bead  on  the  third  day  of  the  estrous  cycle  cau.ses  a  significant 
shortening  of  the  mean  cycle  length.  These  results  were  confirmed  in  the 
present  series  of  experiments  (Table  1).  However,  when  the  bead  was  in¬ 
serted  on  the  eighth  day  of  the  cycle  (during  the  late  luteal  phase)  and 
shortly  before  implantation  would  be  normally  expected  to  occur,  the 
cycles  were  prolonged  to  23.1  days,  significantly  beyond  the  normal  cycle 
length  of  16.3  days  (P  <0.01).  Again,  as  in  the  case  of  insertion  on  the 
third  day,  the  modification  of  the  cycle  length  was  prevented  if  the  uterine 
area  containing  the  bead  was  resected  in  such  a  way  as  to  denervate  the  re¬ 
gion. 

Insertion  of  beads  on  day  13  induced  neither  shortening  nor  lengthening 
of  cycles.  The  3rd  day  and  8th  day  implantations  differ  from  13th  day 
implantations  by  no  other  factor  than  time  of  operation;  the  respective 
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Table  1.  Effect  of  degree  and  time  of  uterine  distention  on  the 


LENGTH 

OF  THE  OVINE 

ESTROU8 

CYCLE 

Day  of 
cycle 

Diameter 
of  bead 
(mm.) 

Number 
of  ewes 

Immediate  cycles 

Subsequent  cycles 

Total  cycles 

No. 

Mean 

(days) 

No. 

Mean 

(days) 

No. 

Mean 

(days) 

2 

5 

5 

I6.6±0.82 

16 

16.710.51 

21 

16.710.428E 

3 

4 

3 

3 

9.7±I.96i 

5 

14.6  +  2.98 

8 

12.812.08 

8 

4 

4 

II.5±2.I0 

18 

13.311.53' 

22 

13.011.30*+ 

2 

7 

7 

20.6±1.36‘« 

23 

16.4  +  0.34* 

30 

17.710.73 

8 

8 

7 

7 

2I.6±I.72‘* 

15 

23.7  +  2.26** 

22 

23.111.80** 

8-D’ 

5 

5 

17.4±0.75 

13 

16.810.73 

18 

17.010.55 

2 

5 

5 

15.810.37 

11 

16.311.46 

16 

16.111.00 

* 

8 

7 

7 

18.911.53 

22 

16.910.92 

29 

17.410.80 

Before  Distention 

43 

62 

16.310.11 

>=Standard  error  of  mean. 

•  p  <0.05  compared  to  “13-day.” 

•  p  <0.02  compared  to  "13-day.” 

•  p  <0.01  compared  to  “13-day.” 

•  p  <0.05  compared  to  Before  Distention. 

‘  p  <0.01  compared  to  Before  Distention. 

•  p  <0.05  compared  to  “Immediate  cycles.” 
t  D  means  Denervated. 


statistical  comparisons  are  included  in  Table  1.  When  thus  compared  to 
13th  day  data,  the  3rd  day  8  mm.  bead  data  are  significant  at  the  2%  level 
and  the  high  significance  of  the  8th  day  8  mm.  bead  data  is  retained 
(P  <0.01).  Parenthetically,  Moore  and  Nalbandov  (1953)  showed  that  the 
sham  operation  did  not  affect  mean  cycle  length. 

Comparisons  were  also  made  between  “immediate  cycles”  during  which 
the  beads  were  introduced,  and  all  subsequent  cycles.  As  shown  in  Table 
1,  there  was  no  significant  difference  except  in  the  8th  day  2  mm.  bead 
category.  In  vertical  comparisons  of  8  mm.  bead  data  in  the  “subsequent 
cycle”  column,  it  is  especially  noteworthy  that  cycles  after  8th  day  im¬ 
plantation  averaged  with  high  significance  about  7  days  longer  than  those 
after  13th  day  implantation  (P  <0.01). 

Autopsy  of  the  animals  in  which  the  cycles  were  prolonged  showed  that 
the  corpora  lutea  were  maintained  beyond  the  time  when  they  would  have 
regressed  in  normal  cycles.  The  histology  of  these  corpora  was  comparable 
to  that  normally  seen  during  the  peak  of  luteal  activity  during  mid-cycle 
(Compare  Figs.  1,  2,  and  3).  The  uterine  endometrium  also  showed  that  the 
corpora  lutea  from  ewes  with  prolonged  cycles  were  still  functional  as  late 
as  16  days  after  their  formation  (Fig.  4,  5,  and  6).  In  fact  corpora  of  ewes 
with  beads  inserted  on  day  8,  in  spite  of  their  greater  chronological  age, 
were  morphologically  and  functionally  similar  to  normal  corpora  near  their 
functional  peak  7  to  9  days  after  ovulation.  In  88%  of  the  cases  with  pro¬ 
longed  cycles  ovulation,  which  normally  should  have  occurred  at  intervals 
of  about  16  days,  was  also  held  in  abeyance. 

Thus  far  our  data  show  that  the  insertion  of  a  foreign  body  into  the  uterus 
on  the  third  day  of  the  cycle  causes  a  significant  shortening  of  the  cycle 
and  a  luteolytic  effect,  while  the  introduction  of  this  foreign  body  on  the 
eighth  day  causes  a  significant  prolongation  of  the  cycle  and  a  luteotrophic 


Fig.  1.  Corpus  luteum  taken  from  a  normal  ewe  on  day  7  of  the  estrous  cycle.  Many 
functional  luteal  cells  are  present.  X490. 

Fig.  2.  Section  showing  the  normal  corpus  luteum  on  day  16  of  the  cycle.  Note  the 
degeneration  of  luteal  cells  and  infiltration  of  connective  tissue.  X490. 

Fig.  3.  Corpus  luteum  of  a  ewe  killed  16  days  after  the  last  heat  after  having  an  8 
mm.  bead  sutured  into  the  uterus  on  day  8  of  the  cycle.  Note  the  many  large  luteal  cells 
and  compare  with  Figure  2.  X490. 

Fig.  4.  Endometrium  of  the  ewe  whose  corpus  luteum  is  shown  in  Figure  1.  X20. 

Fig.  5.  Endometrium  from  same  ewe  whose  corpus  luteum  is  shown  in  Figure  2.  X20. 

Fig.  6.  Endometrium  of  the  same  ewe  whose  corpus  luteum  is  pictured  in  Figure  3. 
X20.  Figures  4  and  6  show  endometria  which  are  typically  secretory,  whereas  Figure  5 
is  typically  a  proliferative  type. 
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effect.  However,  when  the  foreign  body  was  inserted  on  the  13th  day  there 
was  no  change  in  mean  cycle  length  or  in  the  life  of  the  corpus  luteum 
(Table  1).  As  far  as  single  cycles  are  concerned  the  results  are  clearcut  and 
subject  to  a  possible  explanation,  but  the  situation  is  entirely  different 
when  additional  cycles  are  considered.  The  difficulty  lies  in  the  fact  that  the 
bead  which  is  inserted  on  the  eighth  day,  causing  a  prolonged  cycle,  is  still 
in  the  uterus  during  the  next  cycle.  Hence  it  is  there  on  the  third  day  of  the 
new  cycle,  when  as  might  be  inferred  from  previous  experiments,  the  pres¬ 
ence  of  the  bead  should  cause  shortened  cycles.  This,  however,  does  not 
happen.  The  new  cycle  and  subsequent  cycles  remain  long.  Similarly,  the 
bead  which  was  inserted  on  the  13th  day,  and  which  failed  to  modify  the 
cycle  during  which  it  was  inserted,  is  still  in  the  uterus  on  the  third  and 
eighth  days  of  ensuing  cycles.  It  would  be  expected  that  it  should  cause 
a  shortening  in  the  first  instance  and  a  lengthening  in  the  second.  However, 
neither  occurs,  all  subsequent  cycles  remaining  normal. 

Because  of  the  large  number  of  animals  (116)  and  cycles  (592)  studied 
(including  those  reported  by  Moore  and  Nalbandov,  1953)  and  because  of 
the  reproducibility  of  the  results,  it  seems  highly  improbable  that  the 
effects  observed  are  artifacts  which  have  no  physiological  significance. 
That  neural  or  neurohumoral  pathways  are  involved  in  these  utero-pitui- 
tary  (or  utero-hypothalamic-pituitary)  relations  seems  very  probable. 
Perhaps  the  “inherent  rhythm”  of  the  hypothalamic  center  is  being  altered 
by  the  presence  of  the  foreign  body  in  the  uterus.  It  was  demonstrated  that 
this  “rhythm,”  once  altered,  remains  shifted  to  the  new  period  in  sub¬ 
sequent  cycles,  the  short  cycles  remaining  short  and  the  long  ones  long.  It 
may  be  significant  that  the  endocrine  environment  is  different  at  the  dif¬ 
ferent  times  during  the  cycle  w'hen  beads  were  inserted.  Thus,  at  three 
days,  there  are  present  both  estrogen  and  progestin,  at  eight  days  mostly 
progestin,  and  at  thirteen  days  mostly  estrogen.  The  levels  of  circulating 
estrogens  and  progestins  may  alter  the  capacity  of  the  uterine  nerves  to 
respond  to  the  stimulus  of  the  bead,  or  the  capacity  of  the  hypothalamic 
center  or  that  of  the  pituitary  gland  to  respond  to  stimuli  emanating  from 
the  uterus. 

Hypothalamic  involvement  in  the  hypophyseal  secretion  leading  to 
ovulatory  swelling,  ovulation,  and  luteinization  in  the  rat  has  been  re¬ 
viewed  by  Everett  (1952).  Some  studies  indicate  that  a  hypothalamic 
center  undergoes  variation  in  sensitivity  which  may  be  altered  by  varj’ing 
the  level  of  either  circulating  estrogens  (Sawyer  et  al.,  1949,  and  Sawyer 
and  Markee,  1950)  or  progesterone  (Everett  and  Sawyer,  1949).  At  the 
present  time  there  is  little  direct  evidence  of  neural  involvement  in  func¬ 
tions  which  lead  to  follicle  growth,  estrogen  secretion,  and  the  symptoms  of 
estrous.  However,  there  is  considerable  evidence  of  neural  mediation  in  the 
production  of  luteotrophic  substances  by  the  adenohypophysis  (e.g.,  cervi¬ 
cal  stimulation  in  the  rat  and  rabbit). 
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Effect  of  Size  of  Bead  or  Degree  of  Uterine  Distention 

In  an  effort  to  determine  the  degree  of  distention  necessary  to  alter  the 
length  of  the  estrous  cycle,  beads  of  various  sizes  were  used  to  distend  the 
uterus.  Because  the  initial  work  (Moore  and  Nalbandov,  1953)  showed 
that  beads  8  or  11  mm.  in  diameter  were  equally  effective  in  shortening  the 
cycle,  the  11  mm.  size  was  omitted  from  the  present  experiment.  Beads 
measuring  8,  4,  or  2  mm.  in  diameter  were  used.  The  2  and  8  mm.  beads 
were  inserted  into  the  uterine  lumen  on  each  of  the  experimental  days  of 
the  cycle.  The  4  mm.  beads  were  inserted  only  on  day  3  of  the  cycle. 

The  results  give  no  significant  indication  that  the  2  mm.  beads  modified 
the  mean  cycle  length,  regardless  of  the  time  at  which  they  were  inserted 
(Table  1),  except  the  immediate  cycle  for  insertion  on  day  8.  The  4  mm. 
bead  inserted  on  day  3  resulted  in  a  mean  cycle  length  of  12.8  days  (Table 
1),  but  this  was  not  .significantly  different  from  normal  (perhaps  because 
of  the  small  number  of  cyles  observed).  As  expected,  the  8  mm.  bead 


Table  2.  Frequency  of  ovulations  without  heat  following  uterine  distention 


Diameter 

Day  of  cycle  bead  inserted 

(mm.) 

3 

8 

13 

2 

0/21 

3/33  (11%) 

4/20  (20%) 

4 

0/8 

— 

— 

8 

0/22 

3/25  (12%) 

4/31  (13%) 

8  +denervation 

0/18 

0/22 

— 

Control 

0/61 

— 

— 

caused  significantly  shortened  cvcles  if  in.serted  on  day  3,  lengthened  if  on 
day  8  (Table  1). 

As  previously  noted,  distention  of  the  uterus  by  a  2  mm.  bead  caused  no 
alteration  in  the  mean  length  of  the  estrous  cycle.  However,  when  disten¬ 
tion  was’started  either  on  day  8  or  day  13  there  was  some  indication  of 
altering  pituitary-ovarian  functions.  The  following  evidence  supports  this 
view:  1)  There  were  significant  differences  in  mean  cycle  length  between 
ewes  within  a  group  for  those  groups  in  which  distention  with  2  or  8  mm. 
beads  began  on  day  8,  and  2)  ovulation  without  heat  occurred  in  only  these 
two  groups  and  in  those  having  beads  inserted  on  day  13  (Table  2). 

SUMMARY 

Previous  results  were  confirmed  and  extended  to  show  that  the  presence 
of  a  foreign  body  in  the  ovine  uterus  can  significantly  modify  the  estrous 
cycle. 

When  an  8  mm.  bead  was  introduced  on  day  3  (early  luteal  phase) 
the  intervals  between  heats  were  significantly  shortened  to  13.0  days 
(P  <0.05).  When  the  bead  was  introduced  on  day  8  (late  luteal  phase)  the 
cycles  were  lengthened  to  23.1  days  (P  <0.01).  Histological  examination  of 
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ovaries  and  of  uterine  endometria  showed  tiiat  the  corpora  lutea  were 
maintained  and  their  functional  life  was  prolonged.  When  the  bead  was  in¬ 
serted  on  day  13  (follicular  phase)  the  cycles  remained  normal  (16.1  days). 

Both  shortening  and  lengthening  of  the  cycles  could  be  prevented  by 
surgical  resection  of  the  uterine  segment  containing  the  bead.  This  indi¬ 
cates  that  the  mechanism  involved  is  neural  or  neurohumoral. 

Beads  4  mm.  in  diameter  caused  a  shortening  of  the  cycle  when  inserted 
into  the  uterus  on  day  3,  but  this  shortening  was  not  statistically  sig¬ 
nificant  perhaps  because  of  the  small  number  of  observations.  Beads  2 
mm.  in  diameter  caused  no  modification  in  mean  cycle  length  at  any  inser¬ 
tion  time,  but  there  was  evidence  that  they  had  some  physiological  effect, 
such  as  causing  ovulation  without  heat. 
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A  RELATIONSHIP  BETWEEN  VITAMIN  A 
METABOLISM  AND  CORTISONE 


1.  CLARK  AND  R.  W.  COLBURN' 

Merck  Institute  for  Therapetitic  Research,  Rahway,  New  Jersey 
INTRODUCTION 

During  the  course  of  inv'estigations  concerning  the  effect  of  cortisone 
upon  lipid  metabolism,  it  was  observed  that  the  color  of  the  lipid  ex¬ 
tracts  of  the  livers  from  cortisone  treated  rats  were  usually  less  yellow  than 
their  controls.  Carotenoid  pigments  contribute  color  to  the  lipid  solvent  ex¬ 
tracts  of  liver,  and  since  /3-carotene  is  the  precursor  of  vitamin  A,  it  was  de¬ 
cided  to  investigate  what  effect,  if  any,  cortisone  might  have  upon  vitamin 
A  metabolism. 

The  following  experiments  indicate  that  a  relationship  between  the 
adrenal  steroid  cortisone  and  vitamin  A  metabolism  does  exist.  A  prelimi¬ 
nary  report  concerning  this  work  has  been  published  (Clark  and  Colburn, 
1953). 


EXPERIMENTAL 

1.  Cortisone  and  Vitamin  A  Levels  in  Normal  Rats 

Twenty-four  male  Holtzman  rats,  weighing  between  88-92  gm.,  were  maintained  on 
the  stock  diet  used  in  our  laboratory.  Twelve  of  them  received  in  addition  equal  daily 
doses  of  about  500-800  units  of  vitamin  A.  Each  group  of  twelve  rats  was  divided  into 
three  groups,  namely,  an  ad  libitum  control  group,  a  group  receiving  3.0  mg.  of  cortisone 
acetate  subcutaneously  daily,  and  a  group  pair-fed  to  the  cortisone  treated  rats.  At  the 
end  of  twenty-one  days  the  animals  were  sacrificed  and  their  livers  and  kidneys  analyzed 
for  vitamin  A  by  the  method  of  Dann  and  Evelyn  (1938)  with  slight  modifications. 
This  method  was  used  in  all  subsequent  experiments. 

Results.  Calculated  on  an  absolute  basis,  i.e.,  total  amount  of  vitamin  A 
in  the  liver,  the  livers  of  both  the  pair-fed  controls  and  the  ad  libitum  con¬ 
trols  contained  significantly  more  vitamin  A  than  did  the  cortisone-treated 
animals  (Table  1).  On  a  relative  basis,  i.e.,  per  gm.  of  tissue,  the  animals 
dosed  with  cortisone  had  less  vitamin  A  in  their  livers  than  did  their  pair- 
fed  controls;  however,  the  animals  feeding  ad  libitum  had  the  same  amount 
of  vitamin  A  in  their  livers  as  did  the  cortisone  treated  rats  on  the  stock 
diet,  and  less  when  fed  supplementary  amounts  of  the  vitamin.  This  is  due 

Received  June  18,  1954. 

^  Present  address :  School  of  Biological  Sciences,  Stanford  University,  Stanford, 
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Table  1.  Vitamin  A  content  in  the  livers  and  kidneys  of  normal  and 

CORTISONE  TREATED  RATS  ON  A  STOCK  DIET 


lAver  Kidney 


Body 

weight 

(itm.) 

Weight 

(gm.) 

Total 
vitamin  A 
(Mg-  +S.E.) 

Weight 

(gm.) 

Total 

vitamin  .\t 
(Mg.) 

('ortisone  treated 

95 

4.78 

307 +.32. 5 

4.2 

5 

Pair-fed  controls 

170 

0.24 

449  ±39.3 

4.9 

10 

Ad  lib.  controls 

222 

9.71 

625  +  29.4 

7.7 

21 

Cortisone  treated* 

91 

4.80 

3790+268 

4.3 

20 

Pair-fed  controls* 

101 

5.97 

5386  ±332 

5.0 

26 

Ad  lib.  controls* 

194 

8.44 

4508  ±197 

6.1 

35 

Each  value  represents  the  average  of  the  individual  determinations  on  four  rats. 

*  Supplemented  daily  with  equal  doses  of  vitamin  A. 

S.E.  =  standard  error, 
t  Kidneys  were  pooled  in  each  group. 

to  the  large  increase  in  the  liver  weights  of  the  ad  libitum  controls.  (See  Dis¬ 
cussion.) 

The  kidneys  of  both  the  pair-fed  and  ad  libitum  controls  had  more  vita¬ 
min  A  than  did  the  cortisone  treated  animals  when  calculated  both  on  an 
absolute  or  relative  basis.  To  avoid  the  possibility  of  any  variations  in  vita¬ 
min  A  intake,  the  remaining  experiments  reported  here  were  carried  out  on 
rats  maintained  on  a  vitamin  A  free  diet. 

II.  Effect  of  Cortisone  upon  Rats  on  a  Vitamin  A  Free  Diet 

Twenty-four  male  Holtzman  rats,  weighing  about  95  gm.  divided  into  two  groups  of 
12  animals  each  were  maintained  on  a  vitamin  A  free  diet.  One  group  received  3  mg. 
cortisone  acetate'  subcutaneously  daily  for  13  days,  an  amount  of  cortisone  sufficient  to 
completely  inhibit  growth.  In  this  and  the  following  experiment,  all  rats  received  2000 
units  of  penicillin  and  3000  units  of  streptomycin  daily  to  prevent  infections.  Two  corti¬ 
sone  treated  and  two  control  animals  were  killed  every  other  day. 

Results.  The  total  vitamin  A  content  of  the  livers  of  rats  treated  with 
cortisone  decreased  steadily  throughout  the  course  of  treatment  (Table  2). 


'  Cortone  (Merck). 

Table  2.  Vitamin  A  content  in  the  livers  of  normal  and  cortisone 


tre.ated  rats  on  a  vitamin  a  free 

DIET 

Total  vitamin  A 

Body 

weight 

Liver  weight 

in  the  liver 

experi- 

(gm.) 

(gm.) 

(Mg.  ±  S.E.) 

ment 

Cortisone- 

Ad  lib. 

Cortisone- 

Ad  lib. 

Cortisone 

Ad  lib. 

treated 

controls 

treated 

controls 

treated 

controls 

1 

94 

104 

6.28 

5.83 

55.3  +  11.9 

43.0+  7.9 

3 

94 

118 

6.07 

6.74 

46.3+  0.8 

57.5  +  16.5 

5 

91 

117 

5.92 

6.30 

27.0+  2.0 

46.8+  5.7 

9 

96 

140 

5.82 

8.40 

17.5+  5.5 

57.0+  5.0 

11 

85 

130 

5.25 

7.44 

11.6+  4.4 

47.5+  4.5 

13 

85 

145* 

6.00 

7.61* 

10. 9±  1.9 

48.4*  — 

Each  value  represents  the  average  of  the  values  of  the  determinations  on  two  rats. 
*  One  rat. 

S.E.  =  standard  error. 
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Table  3.  The  effect  of  cortisone  and  inanition  upon  the  vitamin  A  and 
CAROTENE  CONTENT  IN  THE  LIVERS  OF  NORMAL  HATS 
ON  A  VITAMIN  A  FREE  DIET 


Days  on 
experi¬ 
ment 

Body  wei*ht 
(Rm.) 

Liver  weight 
(Km.) 

Total  vitamin  A 
in  the  liver 
(mK.  ±S.E.) 

Total  carotene 
in  the  liver 

(Mg.±S.E.) 

Cortisone 

treated 

Pair- 

weighed 

control* 

Cortisone 

treated 

Pair- 

weighed 

controls 

Pair- 

Cortisone  weighed 

treated  controls 

.  Cortisone 
treated 

Pair- 

weighed 

controls 

0* 

_ 

88 

_ 

5.40 

—  36.3±2.8 

_ 

6.3  ±  .11 

5 

80 

87 

5.92 

3.39 

17.3  ±1.9  25.5+T.9 

6.6±0.4 

7.1  ±0.4 

10 

90 

92t 

6.30 

4.40t 

4.98±  .8  14. 7t 

7.7±0.4 

5.6t±  .24 

15 

85 

80 

5.79 

4.61 

0  3.88 

11.2±0.8 

6.1  ±0.4 

20t 

80 

75 

5.52 

2.78 

0  3.53 

12. 9±  .31 

6.7  ±  .5 

Each  value  is  an  average  of  the  determinations  on  four  rats. 

*  An  average  of  8  animals, 
t  Average  of  2  animals. 

i  These  animals  received  60  Mg-  of  ^-carotene  for  their  last  6  days. 
S.E.  =standard  error. 


The  fall  in  vitamin  A  content  was  at  the  rate  of  about  17%  per  day.  Here, 
too,  when  calculated  on  a  relative  basis,  the  vitamin  A  content  of  the  liver 
fell  progressively  in  the  hormone  treated  animals  whereas  the  vitamin  A 
levels  in  the  controls’  livers  remained  steady  throughout  the  experimental 
period. 

In  this  experiment,  the  obvious  objection  could  be  raised  that  the  animal 
feeding  ad  libitum  is  not  a  proper  control  for  an  animal  whose  food  con¬ 
sumption  is  decreased.  In  addition,  the  control  animals  rapidly  gained 
weight  whereas  the  experimental  ones  maintained  their  weight.  To  control 
these  variables,  it  was  decided  to  run  a  similar  experiment,  but  using  pair- 
weighed  animals  as  controls. 

III.  Inanition  and  Levels  of  Vitamin  A 

Thirty-eight  male  Holtzman  rats  weighing  about  85  gm.  were  used  in  this  experiment. 
The  cortisone  treated  group  received  3  mg.  of  cortisone  acetate  subcutaneously  daily 
and  had  as  its  control  a  pair-weighed  group.  Four  rats  from  each  group  were  sacrificed  at 
5  day  intervals.  The  final  4  controls  and  4  cortisone  treated  animals  received  60  (ig.  of 
/3-carotene  daily  per  os  during  the  last  6  days. 

Results.  It  can  be  seen  from  Table  3  that  although  starvation  resulted 
in  a  relatively  rapid  decline  of  the  vitamin  A  content  of  the  liver,  both  on 
an  absolute  or  relative  basis,  treatment  with  cortisone  accelerated  this  de¬ 
pletion  and  at  the  end  of  15  and  20  days  no  detectable  vitamin  A  was  pres¬ 
ent  even  when  daily  small  doses  of  /3-carotene  were  administered.  At  the 
same  time,  carotene  tended  to  accumulate  in  these  livers  indicating  that  on 
a  suboptimal  intake  of  /3-carotene  adequate  conversion  of  /3-carotene  or  de¬ 
position  of  vitamin  A  does  not  occur. 

IV.  Effect  of  Cortisone  upon  Conversion  of  ^-Carotene  into  Vitamin  A 

Thirty-two  male  Holtzman  rats  ranging  between  110-115  gm.  were  used.  Each  rat 
received  the  same  amount  of  /3-carotene  daily,  about  400  pg.  The  animals  were  divided 
into  four  groups:  (1)  ad  libitum  controls,  (2)  rats  receiving  3  mg.  of  cortisone  acetate 
subcutaneously  daily,  (3)  rats  pair-weighed  to  the  cortisone-treated  rats,  and  (4)  rats 
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Table  4.  The  effect  of  cortisone  upon  the  total  vitamin  A  and  carotene 

CONTENT  IN  THE  LIVERS  AND  KIDNEYS  OF  NORMAL  RATS 


Body 

weight 

(gm.) 

Liver 

Kidney* 

Treatment 

Weight 

(gm.) 

Total 
vitamin  A 
(*«.  ±S.E.) 

Total 
carotene 
(«?.  ±S.E.) 

Weight 

(gm.) 

Total 
vitamin  A 
(gg.) 

Total 

carotene 

(gg.) 

Cortisone  treated 

107 

8.39 

(10-day  treatment) 

507  ±47  7.28±1.2 

1.22 

4.2 

0.32 

Pair-weight  controls 

107 

3.88 

428  ±39 

4.27±  .30 

0.97 

6.15 

0..36 

Pair-fed  controls 

134 

4.87 

545  ±26 

5.14±  .7 

1.14 

14.6 

0.51 

Ad  libitum  controls 

159 

8.31 

687  ±69 

4.21±  .5 

1.51 

16.1 

0.61 

Cortisone  treated 

99 

6.66 

(20-day  treatment) 

717±35  11.2  ±1.0 

1.24 

3.9 

0.46 

Pair-weight  controls 

99 

3.27 

724  ±  27 

6.22±  .5 

0.92 

1.8 

0.21 

Pair-fed  controls 

157 

4.92 

776  ±51 

5.46±  .91 

1.27 

9.5 

0.33 

Ad  libitum  controls 

195 

9.73 

838  ±38 

5.18±  .5 

1.68 

10.9 

0.60 

Each  fiKure  is  an  averaKC  of  four  animals. 
♦  Kidneys  were  pooled  in  each  group. 

S.E.  •standard  error. 


pair-fed  to  the  cortisone-treated  rats.  Half  of  the  rats  were  sacrificed  at  10  days  and  the 
remainder  at  20  days.  No  carotene  was  administered  the  day  prior  to  sacrificing. 

Results.  This  experiment  indicates  that  when  sufficient  carotene  was  ad¬ 
ministered  to  rats,  there  was  adequate  conversion  into  vitamin  A  and  depo¬ 
sition  of  the  vitamin  in  the  livers  and  kidneys  (Table  4).  However,  there 
was  less  total  vitamin  A  and  more  total  carotene  in  the  livers  of  the  corti¬ 
sone  treated  animals  than  in  their  pair-fed  or  ad  lihitum  controls,  especially 
after  twenty  days  of  cortisone  treatment.  jMoreover,  less  total  vitamin  A 
was  present  in  the  kidneys  of  the  cortisone-treated  animals  than  in  any  of 
the  control  animals  with  the  exception  of  the  20-day  pair-weighed  animals. 
There  did  not  appear  to  be  any  accumulation  of  carotene  in  the  kidneys  of 
the  rats  receiving  cortisone. 

V.  Adrenalectomy  and  Vitamin  A  Levels 

The  loss  of  vitamin  A  observed  in  the  livers  of  the  pair-weighed  animals 
cannot  be  explained  solely  on  the  basis  of  inanition  since  animals  on  a  re¬ 
stricted  food  intake  store  more  vitamin  A  per  gm.  of  tissue  in  their  livers 
than  do  animals  feeding  ad  libitum  when  placed  on  a  normal  stock  diet 
(Table  2).  It  was  felt  that  the  adrenal  gland  might  be  involved  and  that 
the  loss  of  vitamin  A  in  their  pair-weighed  controls  perhaps  was  due  to  hy- 

Table  5.  The  effect  of  cortisone  and  inanition  upon  the  vitamin  A  and 

CAROTENE  IN  THE  LIVERS  OF  ADRENALECTOMIZED  RATS 


ON  A  VITAMIN  A 

FREE  DIET 

Days  on 
experi- 

Body  weight 
(gm.) 

Liver  weight 
(gm.) 

Total  vitamin  .A 
in  the  liver 
(>ig.  ±S.E.) 

Total  carotene 
in  the  liver 
(wt.) 

Pair- 

Pair- 

Pair- 

Pair- 

Cortisone  weighed 

treated  controls 

Cortisone  weighed 
treated  controls 

Cortisone  weighed 

treated  controls 

Cortisone  weighed 

treated  controls 

5 

136 

141 

7.99 

5.04 

10 

141 

143 

8.03 

4.08 

15 

148 

164 

7.57 

6.93 

Each  value  is  an  average  of  the  determinations  on  three  rats. 
S.E.  •standard.error. 


167  ±32  167  ±32 

101  ±23  156  ±44 

64  ±19  174  ±45 


7.7 

6.8 
7.3 


7.3 
5.9 

7.4 
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peractivity  of  this  gland  as  a  result  of  the  strain  of  semi-starvation.  To  test 
whether  this  hypothesis  was  correct  and  at  the  same  time  investigate  the 
conversion  of  /3-carotene  into  vitamin  A,  a  similar  study  was  carried  out 
with  adrenalectomized  rats. 

Twelve  male  rats  weighing  about  70  gm.  were  adrenalectomized  and  maintained  upon 
0.5  mg.  desoxycorticosterone  acetate  (DCA)  every  day  and  0.1%  NaCl  in  their  drinking 
water.  When  their  weights  reached  120-130  gm.,  they  were  transferred  to  a  vitamin  A 
free  diet.  One-hundred  /ig.  of  ^-carotene  were  administered  3  times  weekly  for  10  days. 
In  this  experiment,  6  animals  received  1.5  mg.  cortisone  acetate  subcutaneously  daily  for 
15  days.  This  amount  of  cortisone  was  insufficient  to  block  growth  completely.  As  con¬ 
trols,  the  other  6  adrenalectomized  animals  were  pair-weighed  to  the  cortisone  treated 
rats. 

Results.  The  adrenalectomized  cortisone-treated  animals  lost  60%  of 
their  vitamin  A  stores  at  the  end  of  15  days  (Table  5)  despite  the  fact  that 
for  10  days  they  received  small  amounts  of  carotene.  In  this  experiment, 
the  adrenalectomized  pair-weighed  controls  did  not  lose  any  vitamin  A 
from  their  livers  on  an  absolute  basis,  but  appeared  to  lose  some  of  their 
vitamin  A  on  a  concentration  basis,  which  can  be  explained  by  the  increase 
in  liver  weight  (Table  5).  In  the  adrenalectomized  animals  maintained  on 
DOCA  and  saline  without  cortisone,  the  conversion  of  /3-carotene  into  vita¬ 
min  A  is  not  impaired. 

A  major  difficulty  in  this  type  of  experiment  lies  in  keeping  the  pair- 
weighed  adrenalectomized  rats  alive,  since  in  our  hands  this  food  restric¬ 
tion  usually  proves  fatal  in  about  8  to  10  days.  We  have  repeated  the  above 
experiment  several  times  and  whenever  successful  in  keeping  the  rats  alive, 
these  findings  were  confirmed. 


DISCUSSION 

Two  major  difficulties  inherent  in  these  types  of  experiments  are  (1)  the 
selection  of  proper  controls  and  (2)  the  proper  basis  for  the  calculation  of 
the  experimental  data. 

The  selection  of  the  proper  control  for  an  abnormal  rat,  in  this  case  a  rat 
being  dosed  with  cortisone,  is  at  best  a  poor  choice.  Since  treatment  with 
cortisone  under  the  conditions  used  in  the  above  experiments  results  in  a 
cessation  of  growth  but  an  increase  in  liver  and  kidney  weight  as  compared 
to  pair-fed  or  pair-weighed  animals,  it  was  felt  that  the  most  accurate  cri¬ 
terion  for  comparison  would  be  the  total  vitamin  A  content  of  the  organ 
under  investigation. 

Calculations  based  upon  concentration  per  gm.  of  tissue  in  some  cases 
might  lead  to  erroneous  conclusions.  This  would  be  especially  true  in  the 
case  where  an  organ  is  increasing  in  size  while  its  content  of  vitamin  A  re¬ 
mains  unchanged.  Thus  it  seems  that  in  experiments  such  as  these,  where 
one  is  measuring  the  disappearance  of  a  normal  biochemical  reserve,  calcu¬ 
lations  based  upon  absolute  quantities  give  a  truer  picture  of  what  is  taking 
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place  than  calculations  based  upon  the  weight  of  an  organ  which  can  fluctu¬ 
ate  markedly,  depending  upon  the  treatment.  In  the  experiments  reported, 
we  have  compared  the  cortisone  treated  rats  with  pair-weighed,  pair-fed, 
and  ad  libitum  controls  and  have  obtained  essentially  identical  results  in  all 
cases  when  the  calculations  were  made  on  an  absolute  basis. 

The  administration  of  cortisone  to  normal  or  adrenalectomized  rats  re¬ 
sults  in  a  rapid  depletion  of  their  liver  and  kidney  stores  of  vitamin  A.  This 
loss  of  vitamin  A  occurs  when  the  rats  are  fed  a  vitamin  A  free  diet,  a  nor¬ 
mal  diet  and  even  when  fed  large  amounts  of  the  vitamin  or  its  precursor, 
/3-carotene.  This  is  quite  remarkable  since  rats  normally  have  a  large  stor¬ 
age  capacity  for  this  vitamin.  Indeed  it  is  relatively  difficult  to  render  rats 
deficient  in  vitamin  A  unless  their  stores  were  originally  low.  For  example, 
the  control  animals  (Table  2),  although  on  a  vitamin  A  free  diet,  had  ap¬ 
proximately  the  same  vitamin  content  in  their  livers  at  the  end  of  the  ex¬ 
periment  as  they  did  in  the  beginning. 

The  stress  of  semi-starvation  results  in  a  decline  of  the  vitamin  A  stores 
of  the  liver,  but  not  to  the  extent  observed  in  the  rats  which  were  treated 
with  cortisone  (Table  3).  Under  stress  the  adrenal  glands  become  hyperac¬ 
tive.  It  is  very  possible  that  the  loss  of  vitamin  A  from  the  livers  of  the  un¬ 
operated  pair-weighed  rats  is  the  result  of  increased  adrenal  cortical  activ¬ 
ity.  Moreover,  it  has  been  reported  that  under  the  stress  of  prolonged  ex¬ 
posure  to  cold,  rats  on  a  purified  diet  deficient  in  vitamin  A  were  depleted  of 
their  vitamin  A  stores  more  rapidly  than  rats  kept  at  room  temperature 
(Ershoff,  1950).  Thus,  one  would  expect  that  adrenalectomized  rats  under 
the  strain  of  semi-starvation  would  not  lose  their  vitamin  A  stores  from 
their  livers.  Whenever  we  were  able  to  keep  pair-weighed  adrenalectomized 
rats  alive  for  a  long  enough  period  of  time,  this  appeared  to  be  true  (Table 
5). 

Analysis  of  the  carotene  content  of  the  livers  in  rats  fed  /3-carotene 
showed  that  invariably  the  absolute  carotene  content  was  higher  in  the 
animals  treated  with  cortisone.  When  large  amounts  of  the  precursor  are 
fed,  conversion  into  vitamin  A  and  deposition  of  the  vitamin  does  occur, 
although  the  absolute  amounts  of  vitamin  A  found  in  the  cortisone  treated 
rats  are  less  than  in  the  controls  (Table  4).  However,  when  small  amounts 
of  /3-carotene  were  administered,  no  vitamin  A  was  detectable  (Table  3), 
Since  the  ^-carotene  levels  in  the  livers  of  the  cortisone  treated  rats  rose  to 
about  two  times  the  normal,  the  presumptive  evidence  strongly  suggests 
that  in  this  experiment  where  small  amounts  of  /8-carotene  were  adminis¬ 
tered,  the  conversion  of  /3-carotene  into  vitamin  A  is  impaired  by  the  ad¬ 
ministration  of  cortisone. 

In  the  case  where  large  quantities  of  |8-carotene  are  administered  (Table 
4),  and  where  there  is  adequate  conversion  of  /8-carotene  into  vitamin  A,  it 
is  difficult  to  ascertain  whether  the  fall  in  vitamin  A  levels  is  due  to  impair¬ 
ment  of  conversion  or  to  the  effect  of  cortisone  per  se  in  causing  a  fall  in  the 
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vitamin  A  levels  of  livers  and  kidneys.  Since  the  carotene  levels  in  the  livers 
of  the  cortisone  treated  animals  are  about  double  those  of  the  control  rats, 
again  the  evidence  points  to  an  hindering  of  the  conversion  of  /3-carotene 
into  vitamin  A,  rather  than  just  the  rapid  removal  of  vitamin  A  from  the 
liver. 

An  inexplicable  finding,  which  has  been  repeated  and  confirmed,  is  that 
the  total  vitamin  A  content  of  the  kidneys  of  the  pair- weighed  rats  was 
much  less  than  that  of  the  other  rats  (Table  4).  Perhaps  after  continued 
starvation,  the  kidneys  may  be  damaged  and  are  unable  to  store  the  vita¬ 
min.  Adrenalectomy  had  no  significant  effect  upon  the  conversion  of  caro¬ 
tene  into  vitamin  A.  Although  not  completely  proven,  these  experiments 
strongly  suggest  that  the  vitamin  A  content  of  the  liver  may  be  under  the 
influence  of  the  adrenal  gland. 


SUMMARY 

The  administration  of  large  doses  of  cortisone  to  normal  or  adrenalecto- 
mized  rats  on  a  stock  or  vitamin  A  free  diet  results  in  a  rapid  loss  of  vitamin 
A  from  their  livers  and  the  kidneys. 

The  data  suggest  that  the  depletion  of  vitamin  A  in  the  liver  as  a  result  of 
inanition  may  be  mediated  through  the  adrenal  gland. 

When  vitamin  A  is  supplied,  adequate  deposition  occurs  in  the  kidneys 
and  livers  of  cortisone  treated  rats. 

It  is  suggested  that  the  accumulation  of  carotene  in  the  livers  of  rats 
treated  with  cortisone  is  a  result  of  impaired  conversion  of  /3-carotene  into 
vitamin  A. 

Adrenalectomy  had  no  effect  upon  the  conversion  of  /3-carotene  into  vita¬ 
min  A  or  the  deposition  of  the  vitamin  in  the  liver  or  kidney. 
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COMPARISON  OF  IN  VITRO  ACTIVITY  OF  VARIOUS 
SPECIES  OF  LITHOSPERMUM  AND  OTHER 
PLANTS  TO  INACTIVATE  GONADOTROPHIN 

R.  C.  B.  GRAHAM  and  R.  L.  NOBLE 

Collip  Medical  Research  Laboratory,  University  of  Western 
Ontario,  London,  Canada 

AMONG  the  various  actions  ascribed  to  the  plant  Lithospermum  is  the 
L  the  ability  of  extracts  to  inactivate  certain  pituitary  hormones  when 
mixed  with  them  (Noble,  Plunkett  and  Graham,  1954).  The  present  paper 
records  the  antigonadotrophic  activity  of  various  species  of  Lithospermum, 
the  seasonal  variation  in  activity  and  tests  for  comparable  activity  in  vari¬ 
ous  other  plants. 

LABORATORY  METHODS 

The  in  vitro  inactivation  of  Pregnant  Mares’  Serum  (P.M.S.)  Gonadotrophin  has 
been  used  exclusively  in  these  tests.  A  standard  procedure  was  adopted  as  follows.  The 
P.M.S.  (300  i.u./mg.b  was  dissolved  in  water  in  a  concentration  of  100  i.u.  per  0.1  cc. 
The  extract  to  be  tested  was  added  in  a  volume  of  0.4  cc./lOO  i.u./rat  dose.  The  pH  was 
adjusted  to  7.5  with  the  addition  of  XaOH  or  HCl  and  the  mixture  incubated  at  37°  C. 
for  2  hours.  Immature  female  rats  (45-75  gm.  of  Sprague-Dawley  strain)  received  a 
single  subcutaneous  injection  of  0.5  cc.  of  the  mixture  containing  the  equivalent  of  100 
I.u.  of  P.M.S. 

Control  animals  received  the  same  dose  of  P.M.S.  alone  but  adjusted  to  the  same 
volume  and  pH,  and  also  incubated. 

The  animals  were  autopsied  3  days  later  and  the  ovaries  were  weighed.  Groups  of 
4-6  rats  were  used  for  each  dose  level  except  where  noted,  and  statistical  evaluation  of 
the  ovarian  weight  data  was  made  by  Fisher’s  “t”  test  (Fisher,  1941). 

The  plants  were  dried  in  the  open  air  at  room  temperature  as  far  as  possible  and  then 
were  ground  in  a  hammer  mill  or  by  hand.  The  stems,  leaves  and  above-ground  parts 
were  separated  and  referred  to  as.  tops,  in  distinction  to  the  roots.  When  fre.sh  plants 
were  used  for  extraction,  an  aliquot  was  dried  and  the  dose  was  expressed  in  terms  of 
dried  material  as  indicated.  The  ground  or  fresh  material  (usually  50-500  gm.  batches) 
was  extracted  3  times  with  distilled  water  at  room  temperature  and  concentrated  when 
necessary  in  vacuo  at  temperatures  below  50°  C. 

Lithospermum  disticum  has  been  readily  grown  by  usual  hydroponic  culture  methods. 
After  growth  of  5-10  or  more  weeks,  however,  no  release  of  active  material  into  the  fluid 
media  could  be  demonstrated. 

Received  July  13,  1954. 

1  Kindly  supplied  by  Ayerst,  McKenna  &  Harrison  Ltd.,  Montreal. 
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RESULTS 

Activity  of  Different  Species  of  Lithospermum 

Six  different  species  of  Lithospermum  picked  during  the  early  summer 
were  assayed.  The  time  before  assay  varied.  Both  roots  and  tops  were  in¬ 
cluded  for  four  of  the  species.  Only  the  tops  were  available  for  L.  arvense^ 
and  L.  officinale.  The  results  may  be  seen  in  Table  1. 

It  is  apparent  that  at  a  40-50  mg.  dose  level  of  dried  plant,  all  extracts 
of  the  species  tested  showed  marked  antigonadotrophic  activity.  At  the  10- 


Table  1. 

Species  variation 

ON  EFFECT  OF 

LITHOSPERMUM 

Species 

40-50  mg.* 
Ovaries 
(mg.) 

10-16  mg. 
Ovaries 
(mg.) 

5-8  mg. 
Ovaries 
(mg.) 

1  mg. 
Ovaries 
(mg.) 

L.  ruderale-Toots 

23±2.9t 

30±  3.4 

29+6.4 

18+  1.0 

L.  ruderale~topa 

34±2.9 

165±13.0 

— 

— 

L.  croceum-rootB 

25±2.1 

32+  1.8 

93+8.6 

— 

L.  croceum-topa 

43±4.4 

25 ±  1.5 

19±1.8 

18+  0.9 

L.  disticum-Toota 

39±3.0 

123  +  13.5 

_ 

— 

L.  dislicum-iopa 

35±4.2 

97±12.2 

— 

— 

L.  latifolium-TOOta 

44±3.2 

51±  7.7 

— 

62110.5 

L.  latifolium~topa 

31  +2.9 

21+  2.5 

14  +  1.1 

231  2.1 

L.  arrense-tops 

— 

— 

32+3.5 

60111.0 

L.  officinale-t  opa 

'  — 

29±  2.0 

— 

831  4.0 

100  i.u.  of  P.M.S.  only — Ovarian  weight  =  162 +8.7  mg. 

4-6  rats  per  group.  (Arvense  and  officinale  contain  only  2  rats  per  group). 

*  Weight  of  dried  plant  extracted  per  dose, 
t  Standard  Error  of  the  Mean. 

16  mg.  dose  level,  L.  ruderale  tops,  L.  disticum  roots  and  tops,  and  L.  lati- 
folium  roots  showed  only  low  or  no  activity.  At  the  5-8  mg.  dose  level  L. 
croceum  roots  had  low  activity,  but  at  the  1  mg.  dose  level,  ruderale  roots, 
croceum  tops  and  latifolium  tops  contained  a  high  degree  of  activity.  Lati- 
folium,  croceum  and  ruderale  are  all  highly  active  at  even  lower  levels  as 
will  be  shown  later.  These  extracts  were  assayed  within  a  few  months  of 
time  of  picking,  except  ruderale  roots  and  arvense  which  were  assayed  2 
years  after  picking,  and  officinale  tops  which  were  assayed  at  least  1  year 
after  picking. 

Effect  of  Concentrated  Extracts 

It  has  been  noted  during  the  course  of  assays  with  Lithospermum  that 
the  use  of  a  concentrated  extract  does  not  cause  inhibition  of  the  P.M.S. 
Subsequent  dilution  of  the  extract,  however,  allows  inhibition  to  take  place. 
This  has  been  especially  marked  in  the  case  of  Lithospermum  latifolium. 

*  Furnished  through  the  courtesy  of  Dr.  H.  A.  Senn,  Head,  Botany  Unit,  Dept,  of 
Agriculture,  Ottawa. 
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Fig.  1.  Effect  of  concentration  of  extracts  on  the  activity  of  Lithospermum  latifolium. 
The  vertical  bars  represent  the  ovarian  weights  of  the  assay  rats  injected  with  100  i.u. 
of  P.M.S.  mixed  with  the  plant  extract.  The  numbers  below  the  bars  are  the  weights  of 
the  plant  extracted  per  dose,  expressed  as  the  dried  equivalent.  The  number  above  each 
bar  is  the  standard  error  of  the  mean. 

This  paradoxical  effect  may  be  seen  in  Figure  1  where  various  amounts  of 
plant  (from  80  mg.  to  as  low  as  0.01  mg.)  were  extracted  and  assayed. 

It  may  be  seen  that  with  both  leaves  and  stems  an  extract  of  80  mg. 
showed  only  a  moderate  amount  of  antigonadotrophic  activity.  Reducing 
the  amount  of  plant  extracted  resulted  in  increasing  activity,  reaching  a 
maximum  in  the  range  of  1  to  8  mg.  Decreasing  the  amount  still  further  re- 
.sulted  in  decreasing  activity.  At  a  level  of  0.1  mg.  of  dried  plant  (contain¬ 
ing  12  pgm.  total  solid)  the  P.M.S.  was  still  markedly  inactivated. 

Seasonal  Variation  in  Activity 


Two  species  of  Lithospermum  were  picked  in  June,  August  and  Septem¬ 
ber  of  1950.  The  plants  were  divided  into  roots  and  tops  and  assayed  at  a 
16  mg.  level  of  dried  plant  against  P.M.S.  These  plants  were  assayed  within 
a  few  months  of  the  time  of  picking  and  the  results  are  shown  in  Table  2. 

Antigonadotrophic  activity  of  the  roots  of  both  species  may  be  seen  to 
have  increased  from  June  to  September  indicating  a  translocation  of  ac¬ 
tivity  from  tops  to  the  roots.  In  these  two  species  the  activity  of  the  tops 
was  variable.  There  was  a  slight  increase  in  activity  in  the  tops  picked  in 
September. 
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lithospermum 

Time  Picked 

16  mg.*  L.  croceum  roots 
Ovaries  (mg.) 

16  mg.  I .  disticum  roots 
Ovaries  (mg.) 

June,  1950 

75+  5.8t 

123  +  13.5 

Aug.,  1950 

75  +  10.2 

57±  5.0 

Sept.,  1950 

32±  1.8 

23  ±  2.1 

16  mg.  L.  croceum  tops 

16  mg.  L.  disticum  tops 

Ovaries  (mg.) 

Ovaries  (mg.) 

June,  1950 

113±  6.8 

97  +  12.2 

Aug.,  1950 

59±  5.5 

105+  7.3 

Sept.,  1950 

56±  5.4 

79+  6.6 

100  i.u.  of  P.M.S.  only — Ovarian  Weight  =  156 +9.7  mg. 

5  rats  per  group. 

•  Weight  of  dried  plant  extracted  per  dose. 

t  Standard  Error  of  the  Mean. 

Effect  of  Storage  of  Dried  Plant 

Three  species  of  Lithospermum  have  been  stored  as  a  dried  powder  for 
periods  up  to  four  years.  Some  of  these  plants  were  assayed  at  time  of  pick¬ 
ing  and  at  various  periods  thereafter.  The  changes  in  activity  following 
storage  are  shown  in  Table  3. 

L.  croceum  tops  were  found  to  have  maintained  a  high  degree  of  activity 
for  one  year,  but  this  was  somewhat  diminished  by  two  years.  L.  latifolium 
tops  were  highly  active  when  picked,  but  lost  appreciable  activity  in  one 
year.  On  the  other  hand,  L.  ruderale  roots  were  highly  active  after  three 
years,  and  still  active  even  four  years  after  picking. 

In  contrast  to  storing  the  dried  plant,  water  extracts  of  Lithospermum 
may  lose  activity  very  rapidly.  An  extract  of  L.  officinale  kept  at  4°  C.  and 
pH  7.5  lost  50%  of  its  activity  in  one  week  and  by  5  weeks  was  only  active 
at  a  very  high  dose  level.  Keeping  an  aliquot  of  this  extract  under  liquid 
paraffin  did  not  slow  this  loss  of  activity.  Extracts  kept  at  an  acid  pH  how¬ 
ever  are  usually  found  to  be  more  stable  on  storage. 

Table  3.  Effect  of  storage  on  dried  lithospermum 


Plant 

Time 

Picked 

Time 

.\ssayed 

10  mg.* 
Ovaries 
(mg.) 

1  mg. 
Ovaries 
(mg.) 

0.1  mg. 
Ovaries 
(mg.) 

L.  croceum-tops 

L.  croceu  m-tops 

1951 

1952 

25  +  1. Of 

16+0.8 

25+  2.9 

L.  croceum-iopa 

1953 

27+2.3 

68+4.0 

— 

L.  latifolium- tops 

L.  latifolium-iops 

1952 

1952 

21  +0.6 

21+1.4 

31+  3.7 

L.  laii folium-tops 

1953 

23+2.5 

61  +3.6 

— 

L.  ruderale-Toota 

L.  ruderale-TOots 

1949 

1952 

30+3.4 

18  +  1.0 

26+  1.6 

L.  ruderale-TOots 

1953 

33+2.4 

32+4.9 

158  +  11.7 

100  I.u.  of  P.M.S.  only — Ovarian  weight  =  142  + 14.3  mg. 
3-9  rats  per  group. 

*  Weight  of  dried  plant  extracted  per  dose, 
t  Standard  Error  of  the  Mean. 
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Table  4.  Inactivation  of  P.M.S.  by  various  plant  extracts 


Plant 

40-50  mg.* 
Ovaries 
(mg.) 

10  mg. 

Ovaries 

(mg.) 

1  mg. 

Ovaries 

(mg.) 

Fatsia  horrida 
(Devil’s  Club) 

20±  0.7t 

74  +  10.5 

72  +  19.0 

Arctostaphylos  uva-ursi 
(Bearberry) 

61 ±  0.0 

— 

94  +  17.9 

Ambrosia  artemisiifolia 
(Ragweed) 

20+  3.6 

60+  7.1 

134  +  17.5 

Cnicus  benedictus 
(Blessed  Thistle) 

37+  1.0 

■ — 

125  +  14.8 

Chenopodium  album 
(Lamb’s  Quarters) 

41+  3.2 

87+  5.1 

145  +  19.8 

Chamaelirium  luteum 
(False  Unicorn) 

47+  2.0 

— 

157+  9.5 

Amaranihus  relrofiexus 
(Pigweed) 

84  +  13.3 

59±  8.4 

161  +  18.7 

Borago  officinalis 
(Borage) 

60+  4.9 

25+  7.5 

54+  5.5 

100  i.u.  of  P.M.S.  only — Ovarian  weight  =  173  + 15.7. 

2-4  rats  per  group. 

•  Weight  of  dried  plant  extracted  per  dose, 
t  Standard  Error  of  the  mean. 

Extractions  of  Fresh  Lithospermum  and  Dried  Lithospermum 

Fresh  green  L.  officinale  was  extracted  the  same  day  as  picked  and  was 
highly  active  against  P.M.S.  Some  weeks  later  the  plants  when  dried  were 
extracted  and  assayed  in  the  same  way.  There  was  no  appreciable  difference 
in  activity  between  the  extracts  of  the  two  preparations  when  compared  on 
the  same  equivalent  weight  basis. 


Activity  of  Other  Plants 

Various  species  of  plants  were  extracted  and  assayed  against  P.M.S.  in 
the  same  manner  as  Lithospermum.  Some  of  these  are  listed  in  Table  4. 

It  may  be  seen  that  all  of  the  plants  assayed  showed  some  activity  when 
high  doses  of  40  or  50  mg.  of  dried  plant  were  used.  Of  these  Fatsia  horrida 
and  Ambrosia  artemisii folia  were  the  most  active  at  this  dose  level.  How¬ 
ever,  at  10  mg.  Borago  officinalis  (of  the  same  family  as  Lithospermum)  was 
highly  active.  Even  at  1  mg.  Borago  had  a  moderate  amount  of  activity, 
while  the  other  extracts  were  relatively  inactive  at  this  dose  level.  Many 
of  these  plant  extracts  were  very  toxic  to  the  assay  rats  at  the  40-50  mg. 
dose  level,  and  this  may  account  for  their  apparent  activity. 

Activity  of  Raspberry  Plant  Extracts 

In  the  course  of  investigating  the  various  species  of  plants  for  antigonad- 
otrophic  activity,  it  was  found  that  common  raspberry  leaves  {Rubus 
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Table  5.  Inactivation  of  P.M.S.  by  extracts  or  raspberry 


Extract 


10-18  mg.*  0.8-4  mg. 

Ovaries  Ovaries 

(mg.)  (mg.) 


Extracted  Dried 

Rubus  idaeus  leaves — summer,  1952 
(Assayed  8  months  after  picking) 

Rubus  idaeus  leaves — summer,  1952 
(Assayed  15  months  after  picking) 

Rubus  idaeus  leaves — autumn,  1953 

Extracted  Fresh 

Rubus  idaeus  leaves — autumn,  1953 
Rubus  idaeus  leaves — from  new  shoots 
Rubus  idaeus  leaves — from  old  shoots 
Rubus  idaeus  leaves — from  old  shoots 
(Extract  kept  at  3°  C.  for  11  days) 

Rubus  occidentalis  leaves  (Blackcap) 
Rubus  occidentalis  berries  (Blackcap) 
Rubus  idaeus  berries 


— 

34+  3.5 

20±1.7t 

74  +  13.0 

25+2.9 

134±12.8 

78t 

120t 

40 

60 

30 

28 

92 

192 

114 

153 

128 

111 

156 

140 

100  i.u.  of  P.M.S.  only — Ovarian  weight  =  149  ±5.5  mg. 

2-8  rats  per  group. 

*  Weight  of  plant  extracted  per  dose  expressed  as  dried  equivalent, 
t  Standard  Error  of  the  Mean. 

t  Standard  Error  of  the  Mean  omitted  because  there  are  only  two  rats  per  group. 


idaeus)  possessed  a  high  degree  of  activity.  Unless  otherwise  indicated  the 
plants  were  picked  in  the  summer  of  1953,  and  extracted  and  assayed 
against  P.M.S.  within  three  days.  Some  of  the  extracts  were  made  from 
fresh  green  leaves,  and  some  from  dried  ground-up  plants,  as  indicated  in 
Table  5. 

All  extracts  made  from  the  dried  plant  were  found  to  be  active  at  the  10- 
18  mg.  dose  level,  and  at  the  lower  dose  level  the  raspberry  leaves  from 
summer,  1952  were  active  when  assayed  8  months  after  picking;  however, 
15  months  after  picking  the  activity  had  decreased.  Raspberry  leaves 
picked  in  the  autumn  of  1953  were  inactive  at  the  lower  dose  level. 

Comparing  extraction  of  the  dried  plant  with  extraction  of  fresh  green 
plant  showed  that  the  former  extraction  yielded  more  activity  in  the  case 
of  raspberry  leaves  picked  in  the  autumn  of  1953.  Extracts  made  from 
leaves  of  new  shoots  were  less  active  when  compared  with  the  previous 
year’s  shoots.  Storage  of  a  water  extract  at  3°  C.  resulted  in  a  marked  loss 
of  activity  after  eleven  days.  In  general,  extracts  of  raspberry  leaves  de¬ 
teriorated  more  rapidly  than  Lithospermum  extracts. 

Another  species  of  raspberry  {Rubus  occidentalis),  commonly  known  as 
Blackcap  was  inactive,  as  were  the  berries  of  both  species. 

DISCUSSION 

All  of  the  six  species  of  Lithospermum  showed  the  ability  to  inactivate 
P.M.S.  when  mixed  **in  vitro.”  At  very  low  dose  levels  three  of  the  six 
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were  still  highly  active,  indicating  that  there  is  a  difference  in  amount  of 
principle  between  different  species.  L.  ruderale  roots  were  particularly  ac- 
tiv'e,  whereas  croceum  and  latifolium  tops  were  equally  active.  It  has  been 
our  experience  that  the  tops  of  the  plant  were  much  easier  to  pick,  and 
therefore  a  species  containing  a  high  degree  of  activity  in  the  tops  is  pref¬ 
erable  for  this  type  of  research.  All  the  species  of  Lithospermum  except 
arvense  are  perennials,  and  leaving  the  roots  in  the  ground  provides  for 
future  crops.  L.  croceum  and  L.  latifolium  were  found  growing  wild  under 
widely  separated  conditions.  L.  croceum  preferred  sandy  soil  and  open  sun¬ 
light,  whereas  L.  latifolium  grew  in  shady  wooded  areas  in  rich  soil.  The 
latter  species  is  larger  and  might  lend  itself  better  to  cultivation.  Extensive 
experiments  to  cultivate  L.  croceum  artificially  have  been  unsuccessful,  al¬ 
though  this  species  grows  naturally  along  the  lake  shores  in  this  vicinity. 

As  was  seen  in  Figure  1  concentrated  extracts  were  not  very  active 
against  P.M.S.  This  effect  has  been  noted  in  several  plants,  but  is  most 
marked  in  L.  latifolium.  It  is  likely  that  there  is  an  inhibitor  present  in  the 
extract  that  interferes  with  the  inactivation  of  P.M.S.  by  the  plant,  when 
mixed  in  high  concentrations.  As  the  amount  of  added  plant  extract  is  de¬ 
creased  the  effect  of  the  inhibitor  is  diluted,  but  the  antigonadotrophic  fac¬ 
tor  is  still  active  down  to  a  much  lower  level  (Graham  and  Noble,  1953). 
Since  other  species  of  Lithospermum  may  show  evidence  of  this  inhibitor, 
all  assays  are  run  at  two  or  more  dose  levels.  If  the  lower  level  results  in 
less  antigonadotrophic  activity,  then  one  may  assume  that  no  inhibitor  is 
interfering  at  the  higher  level.  If  however,  the  situation  is  reversed,  one 
must  assay  the  extract  at  still  lower  levels  to  determine  where  the  maxi¬ 
mum  amount  of  activity  is  to  be  found. 

It  is  interesting  to  note  that  an  extract  containing  only  12  MSm*  of  total 
solid  of  L.  latifolium  will  inactivate  100  i.u.  of  P.]VI.S.  As  this  is  only  a 
simple  water  extract  without  purification,  the  active  substance  must  be 
present  in  very  small  quantities  and  be  highly  active.  Experiments  with 
quinones  and  related  compounds  (Noble  and  Graham,  1953)  have  shown 
many  of  these  compounds  to  exert  a  Lithospermum-\ike  activity  and  in¬ 
hibit  the  activity  of  100  i.u.  of  P.M.S.  However,  -the  dose  required  was 
usually  0.1  mg.  of  the  chemicals  to  exert  full  action.  The  active  principle  in 
L.  latifolium  therefore  would  seem  more  active  than  any  of  the  guinones 
tested  to  date. 

Like  many  other  plant  substances,  the  active  principle  in  Lithospermum 
was  seen  to  translocate  to  the  roots.  This  was  shown  by  the  fact  that  the 
activity  of  the  roots  was  low  in  June  and  high  in  September.  As  to  what  role 
this  substance  plays  in  plant  metabolism  is  not  known,  but  apparently  it 
leaves  the  roots  immediately  the  plant  begins  to  grow.  The  tops  appear  to 
maintain  a  more  or  less  constant  amount  of  activity  over  the  growing  sea¬ 
son.  The  dried  plant  material  was  relatively  stable  for  prolonged  periods 
but  some  deterioration  slowly  takes  place. 
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The  antigonadotrophic  activity  in  other  plants  tested  was  much  lower 
than  that  found  in  the  genus  Lithospermum.  Borago  officinalis  was  more 
active  but  is  a  member  of  the  same  family  as  Lithospermum  ’.  Boraginaceae. 
The  only  other  plant  tested  that  contained  an  amount  of  activity  compa¬ 
rable  to  Lithospermum  was  the  common  red  raspberry  {Ruhus  idaeus).  The 
leaves  extracted  fresh  or  dried  showed  typical  action;  “blackcap”  {Ruhus 
occidentalis)  leaves,  however,  were  not  active  at  the  levels  tested.  The  ber¬ 
ries  of  red  raspberry  and  “blackcaps”  apparently  did  not  contain  the  active 
material. 

At  present  it  is  not  possible  to  state  whether  the  active  substance  is  the 
same  in  the  different  plants  tested  as  in  Lithospermum.  In  view  of  the  ac¬ 
tivity  described  for  a  large  number  of  quinones  and  naphthaquinones 
(Noble  and  Graham,  1953)  compounds  frequently  found  in  plants,  it  is 
likely  that  different  substances  may  be  involved.  Extraction  procedures 
would  support  this  possibility.  Similarly  there  is  no  evidence  to  suggest 
that  the  in  vitro  activity  of  Lithospermum  is  necessarily  related  to  the  ac¬ 
tion  of  oral  or  injected  extracts  in  causing  anoestrus  and  other  effects  on 
endocrine  organs  (Cranston,  1945;  Brasher  and  Zahl,  1946;  Plunkett,  Col- 
pitts  and  Noble,  1950;  Plunkett  and  Noble,  1951).  Chemical  fractionation 
experiments  have  yielded  fractions  having  good  in  vitro  activity,  but  not 
having  activity  in  vivo  at  the  expected  dose.  Conversely  one  early  supply 
of  L.  ruderale  tops  was  apparently  devoid  of  in  vitro  activity  yet  extracts 
were  capable  of  stopping  the  oestrous  cycle  when  injected.  Therefore,  the 
evidence  at  present,  from  admittedly  unsatisfactory  attempts  at  chemical 
fractionation,  suggests  that  different  substances  are  responsible  for  the 
two  modes  of  action. 

The  mechanism  of  the  described  in  vitro  activity  has  not  been  deter¬ 
mined.  The  absorption  of  the  injected  mixtures  would  appear  to  be  nor¬ 
mal,  since  this  takes  place  in  the  concentrated  extracts  showing  reduced 
inhibition  as  described.  The  amount  of  active  material  used  for  in  vitro  ex¬ 
periments  is  very  much  less  than  that  required  for  in  vivo  activity.  In  the 
latter  case  doses  equivalent  to  approximately  500  mg.  have  to  be  used  so 
that  the  in  vitro  action  cannot  be  explained  by  the  material  acting  sep¬ 
arately.  No  obvious  precipitation  occurs  following  mixing  of  active  ex¬ 
tracts  with  P.M.S.,  nor  has  it  been  possible  to  regenerate  activity  of  inac¬ 
tivated  preparations.  Simple  oxidation  processes  do  not  appear  to  be  the 
likely  explanation  for  the  inactivation. 

SUMMARY 

Several  species  of  Lithospermum  and  other  plants  have  been  assayed 
against  Pregnant  Mares’  Serum  (P.M.S.)  Gonadotrophin  in  vitro  for  anti- 
gonadotrophic  activity.  A  few  species  of  Lithospermum,  Borago  officinalis 
and  Ruhus  idaeus  (red  raspberry)  possessed  an  appreciable  amount  of  ac¬ 
tivity. 
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An  inhibiting  substance  present  in  some  species  of  Lithospermuni  inter¬ 
feres  with  the  in  vitro  reaction. 

The  effect  of  seasonal  variation  on  this  activity  in  two  species  of  Litho- 
spermum  has  been  demonstrated. 

Storage  of  dried  Lithospermuni  for  a  period  of  one  year  did  not  appreci¬ 
ably  affect  its  activity  in  two  out  of  three  species;  but  when  stored  as  an 
aqueous  extract  the  activity  rapidly  disappeared. 
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A  RE-EVALUATION  OF  ACETYLCHOLINE,  ADRENALINE, 
NOR-ADRENALINE  AND  HISTAMINE  AS  POSSIBLE 
MEDIATORS  OF  THE  PITUITARY'  ADRENO- 
CORTICOTROPHIC  ACTIVATION 
BY  STRESS' 

ROGER  GUILLEMIN2 

Department  of  Physiology,  Baylor  University  College  of  Medicine,  Texas  Medical  Center, 

Houston,  Texas 

The  use  of  specific  pharmacologic  antagonists  to  study  the  participa¬ 
tion  of  the  various  autonomic  mediators  in  the  activation  of  the  an¬ 
terior  lobe  of  the  pituitary  during  stress  has  been  found  impractical  by 
many  investigators  owing  to  the  strong  ACTH-releasing  effects  of  these 
substances  when  administered  alone  or  concurrently  with  the  mediator 
investigated.  Thus,  no  conclusive  results  have  been  reported  on  the  role 
of  endogenous  epinephrine  in  the  ACTH-release  mechanism  (August  and 
Gubner,  1949;  Seifter  et  ah,  1949;  Paschkis  et  al.,  1950;  Ronzoni  and  Reich- 
lin,  1950;  Tepperman  and  Tepperman,  1950;  Gershberg  et  al.,  1950; 
Fortier,  1951a;  Sawyer,  1952)  nor  of  acetylcholine  (Dordoni  and  Fortier, 
1950)  or  histamine  (Fortier  and  Guillemin,  1950;  Tepperman  et  al.,  1951). 

A  new  approach  to  this  problem  was  made  possible  when  it  was  shown 
that  by  “adapting”  (Selye,  1946)  the  animals  to  a  pharmacological  agent 
by  repeated  injections  it  became  possible  to  dissociate  its  specific  phar¬ 
macodynamic  effects  from  its  non-specific  systemic  adreno-corticotrophic 
properties  (Guillemin  and  Fortier,  1953).  This  procedure  gave  grounds 
for  the  rejection  of  histamine  as  the  mediator  responsible  for  pituitary  ac¬ 
tivation  during  exposure  to  stressful  stimuli  (Guillemin  and  Fortier,  1953). 
The  same  procedure  (i.e.,  “adaptation”  to  various  pharmacological  antag¬ 
onists,  followed  by  demonstration  of  complete  inhibition  of  ACTH  release 
normally  induced  by  administration  of  the  corresponding  autonomic  agent) 
has  been  utilized  in  the  present  experiment  to  re-investigate  adrenaline, 
nor-adrenaline  and  acetylcholine  as  possible  neuro-humoral  links  between 
the  hypothalamus  and  the  anterior  pituitary  in  the  latter’s  response  to 
neurotropic  stimulation  (DeGroot  and  Harris,  1950)  or  as  humoral 
mediators  of  a  direct  adreno-corticotrophic  effect  of  stress  (Fortier,  1951b). 
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Table  1.  Adaptation  to  the  non-specific  adrenocorticotrophic  effects  of  SKF-501. 
Inhibition  of  the  adrenal  ascorbic  acid  response  to  adrenaline 


Treatment 

Rats  per 
group 

Adrenal  ascorbic 
acid  /Kg./lOO  mg. 

Difference 
of  mean 
(%  of  control) 

None 

(6) 

389  + 19 

_ 

SKF-501  1  injection 

(6) 

349  +  17 

-13 

SKF-501  4  days 

(5) 

303+  8 

-22* 

SKF-501  6  days 

(5) 

367  + 19 

-6 

None 

(4) 

298  ±26 

_ 

SKF-501  10  days 

(6) 

343+29 

+  15 

Adrenaline 

(4) 

201+17 

-32* 

SKF-501  10  days  +  Adrenaline 

(6) 

298  ±  19 

0 

*  Difference  from  absolute  control  group  statistically  significant. 


No  final  evidence  indeed  has  been  presented  to  date  for  or  against  any  of 
the  autonomic  drugs  investigated  here  as  to  their  role  in  the  activation  of 
the  anterior  pituitary  by  stress. 

MATERIALS  AND  METHODS 

The  experiments  reported  have  been  performed  on  258  albino  rats  of  the  Sprague- 
Dawley  strain,  weighing  approximately  150  +  20  gm.,  arranged  in  groups  of  six  in  11 
different  experiments.  All  rats  were  males,  except  in  one  experiment  (as  indicated  in 
Table  2).  The  food  was  Purina  fox  chow,  supplemented  with  whole  wheat  bread  and 
fresh  carrots;  the  drinking  fluid,  water  ad  libitum. 

SKF-501,  (N-[9-fluorenyl]-N-ethyl-j3-chlorethylamine,  HCl),  a  highly  potent  ad¬ 
renergic  blocking  agent  (Sawyer  et  al.,  1950)  was  utilized  to  study  the  participation  of 
adrenaline  in  the  stress-induced  ACTH  release.  Two  and  one-half  mg.  of  SKF-501  in 
0.2  cc.  of  a  saline  dilution  of  a  4%  SKF-501  solution  in  propylene  glycol  were  injected 
subcutaneously  at  a  standard  dose  of  0.02  mg.  per  rat,  in  0.2  cc.  of  0.9%  NaCl. 

SKF-688A,  Dibenzyline,  (N-phenony-isopropyl-N-benzyl-/8-chlorethylamine,  HCl), 
another  adrenolytic  substance  (Ohler  and  Sewy,  1953)  was  chosen  as  an  antagonist  to 
nor-adrenaline,  since  it  was  found  in  preliminary  screening  tests  that  it  blocked  more 
effectively  than  SKF-501  at  identical  dose  levels  the  blood  pressure  increase  due  to  a 
standard  dose  of  nor-adrenaline.  Two  and  one-half  mg.  of  Dibenzyline  in  0.2  cc.  of  a 


Table  2.  Effect  of  pretreatment  with  SKF-501  on  the  adrenal  ascorbic 

ACID  RESPONSE  TO  VARIOUS  STIMULATING  AGENTS 


Treatment 

Rats  per 
group 

Adrenal  ascorbic 
acid  iug./lOO  mg. 

Difference 
of  mean 
(%  of  control) 

None* 

(6) 

437  ±37 

— 

SKF-501  7  days 

(6) 

454  ±  8 

+3 

Formaline 

(6) 

240  ±17 

-45t 

Formaline +SKF-501  7  days 

(6) 

183  ±12 

-58t 

None 

(6) 

432  ±  15 

— 

SKF-501  7  days 

(6) 

408  ±  14 

-5 

Immobilization 

(6) 

221  ±17 

-49t 

Immobilization  +SKF-501  7  days 

(6) 

183  ±12 

-56t 

*  The  animals  used  in  this  experiment  were  females, 
t  Difference  from  absolute  control  group  statistically  significant. 
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Table  3.  Adaptation  to  the  non-specific  adrenocorticotrophic  effects  of  dibenz- 
YLiNE.  Inhibition  of  the  adrenal  ascorbic  acid  response  to  nor-adrenaline 


Treatment 

Rats  per 
group 

Adrenal  ascorbic 
acid  Mg./lOO  mg. 

Difference 
of  mean 
(%  of  control) 

None 

(O' 

364+23 

— 

Dibenzyline  1  injection 

(6) 

297+7 

-18* 

Dibenzyline  4  days 

(6) 

317  ±33 

-13* 

Dibenzyline  6  days 

(6) 

290  ± 12. 

-20* 

None 

(6) 

409  +  15 

_ 

Dibenzyline  10  days 

(5) 

434117 

+6 

Xor-Adrenaline 

(5) 

274+26 

-33* 

Xor-Adrenaline-|- Dibenzyline 

10  days 

(5) 

484131 

+  18 

*  Difference  from  absolute  control  group  statistically  significant. 


9.5%  ethyl  alcohol-0.9%  saline  solution  were  injected  subcutaneously  once  a  day  ac¬ 
cording  to  the  schedule  reported  in  Tables  3  and  4.  Nor-adrenaline  bitartrate  monohy¬ 
drate,  Levophed,  was  administered  subcutaneously  at  a  standard  dose  of  0.1  mg.  of 
levo-arterenol  base  per  rat,  in  0.2  cc.  of  0.9%  NaCl. 

Atropine  Sulfate,  10  mg./lOO  gm.  of  body  weight  in  0.2  cc.  of  a  solution  in  0.9%  XaCl, 
injected  subcutaneouslj'  twice  daily  according  to  the  schedule  reported  in  Tables  5  and 
6,  was  utilized  as  an  anticholinergic  agent.  Acetyl-0-methyl-choline,  Mecholyl,  an  effective 
parasympathomimetic  drug,  less  rapidly  hydrolj'zed  by  cholinesterases  than  acetyl¬ 
choline,  was  injected  subcutaneously  at  a  standard  dose  of  1  mg.  per  rat,  in  0.2  cc.  of 
a  0.9%  XaCl  solution. 

Ten  per  cent  formaline  in  0.9%  XaCl  was  injected  subcutaneously  at  a  standard  dose 
of  0.2  cc.  per  rat,  as  a  systemic  non-specific  stressor.  Immobilization  for  90  minutes  by 
restraining  the  animal  with  adhesive  tape  in  the  dorsal  decubitus,  was  utilized  as  a 
representative  of  neurotropic  “emotional”  stimuli  (Colfer  et  al.,  1950;  Fortier,  1951b.; 
Guillemin  and  Fortier,  1953). 

The  release  of  ACTH  was  assessed  by  measuring  the  depletion  of  the  adrenal  ascorbic 
acid  concentration  (Sayers  et  al.,  1948).  Ascorbic  acid  was  determined  by  the  method 
of  Roe  and  Kuther  (1943)  as  modified  by  Geschwind  et  al.  (1951). 

All  experiments  were  performed  according  to  the  following  plan: 

1.  Determination  of  the  dose  and  the  number  of  injections  necessary  to  obtain  adap¬ 
tation  to  the  systemic  adreno-corticotrophic  properties  of  the  pharmacological  agent 
investigated. 

2.  Assessment  of  the  ability  of  the  drug,  under  these  conditions,  to  suppress  the 
normal  adrenal  ascorbic  acid  response  to  the  administration  of  the  corresponding  auto¬ 
nomic  substance. 

3.  Study  of  the  adrenal  ascorbic  acid  response  to  various  stimuli  in  animals  “adapted” 
to  the  particular  pharmacodynamic  antagonist  in  the  manner  determined  in  1. 

Stimuli  (formaline,  immobilization,  adrenaline,  nor-adrenaline,  acetyl-jS-methyl- 
choline)  were  applied  in  all  experiments  for  90  minutes,  one  hour  (dibenzyline,  atropine) 
or  two  hours  (SKF-501)  after  the  last  injection  of  the  pharmacological  antagonist  stud¬ 
ied.  The  animals  were  killed  by  decapitation,  thus  eliminating  any  superimposed  vari¬ 
ation  of  the  adrenal  ascorbic  acid  content  that  any  anesthesia  is  likely  to  introduce. 

To  ascertain  that  the  various  pharmacological  antagonists  were  active  in  our  experi¬ 
mental  conditions,  their  specific  blocking  action  was  tested  on  two  entirely  different 
phenomena  known  to  be  produced  by  the  corresponding  autonomic  agents: 

a.  SKF-501  and  Dibenzyline,  administered  as  reported  above,  were  studied  against 
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Table  4.  Effect  of  pretreatment  with  dibenzyline  on  the  adrenal 

ASCORBIC  ACID  RESPONSE  TO  VARIOUS  STIMULATING  AGENTS 


Treatment 

Rats  per 
group 

Adrenal  ascorbic 
acid  ng./lQO  mg. 

Difference 
of  mean 
(%  of  control) 

None 

(fi) 

503  +  17 

_ 

Dibenzyline  10  days 

(0) 

527+22 

+4 

Immobilization  +  Dibenzyline 

10  days 

(6) 

329  +  17 

-33* 

None 

(5) 

539  + 12 

_ 

Dibenzyline  10  days 

(«) 

477  ±29 

-11 

Formaline -t-Dibenzyline  10  days 

(7) 

253  ±  15 

-53* 

*  Difference  from  absolute  control  group  statistically  significant. 


blood  pressure  increases  produced  by  intravenous  injection  of  various  doses  of  adrenaline 
and  nor-adrenaline  respectively.  Adrenaline  and  nor-adrenaline  were  injected  between 
25  and  3  hours  after  the  last  injection  of  the  chlorethylamine  derivatives.  The  blood 
pressure  curves  were  obtained  in  ether-anesthetized  rats  by  direct  catheterization  of  the 
abdominal  aorta  with  a  20  gauge  needle,  connected  to  a  Hathaway  strain-gauge  pick-up 
and  its  transducifier  bridge,  the  recordings  being  obtained  on  a  two  channel  Sanborn 
electrocardiograph. 

b.  To  make  sure  that  parenterally  injected  parasj’inpatholytic  agents  were  able  to 
inhibit,  in  the  above  experimental  conditions,  phenomena  possibly  mediated  in  the 
central  nervous  system  by  acetylcholine,  the  effects  of  sj'stemic  (subcutaneously  and 
intravenous!}’  injected)  atropine  were  studied  on  the  electrocorticographic  changes  ob¬ 
tained  by  contact  for  two  minutes  on  the  surface  of  the  brain  cortex  of  a  small  (2  X2  mm.) 
paper  pledget  soaked  in  a  10%  acetylcholine  HCl  solution  after  swabbing  of  the  parieto¬ 
occipital  cortex  between  the  electrodes  with  a  1%  eserine  sulfate  solution  (Miller  et  al., 
1940),  both  solutions  being  prepared  extemporaneousl}'  in  fresh  Ringer-Krebs  solution. 
The  rats  were  anesthetized  with  Nembutal  (2.5  mg./ 100  mg.  of  body  weight)  and  fixed 
for  convenience  in  the  head  holder  of  a  Krieg-J ohnson  stereotaxic  instrument;  the  electro¬ 
corticographic  recordings  were  made  through  standard  silver  electrodes  or  with  cotton 
wick  electrodes,  on  a  Grass  electroencephalograph. 

HESULTS 

As  can  be  seen  from  the  data  reported  in  Tables  1,  3  and  5,  a  satisfactory 
dissociation  was  obtained  between  non-specific  corticotrophic  effects  and 
specific  pharmacodynamic  properties  (as  judged  by  the  inhibition  of 
ACTH  release  normally  induced  by  the  administration  of  the  correspond¬ 
ing  autonomic  agent)  for  the  various  adrenolytic  and  parasympatholytic 
drugs  utilized. 

These  prerequisites  being  fulfilled,  it  proved  impossible  to  alter  signif¬ 
icantly  the  ACTH  release  normally  induced  by  a  systemic  stress  (forma¬ 
line)  and  a  neurotropic  “emotional”  stimulus  (forced  immobilzation) 
(Tables  2,  4  and  6),  after  90  minutes  of  stress  in  all  cases. 

These  results  do  not  support  the  view  that  adrenaline,  nor-adrenaline  or 
acetylcholine  are  important  factors  or  constitute,  in  any  way,  an  indispens¬ 
able  link  in  hypothalamo-pituitary  activation  due  to  neurotropic  stress. 
They  also  eliminate  adrenaline,  nor-adrenaline  or  acetylcholine  as  the  sole 
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Fig.  1.  Inliibition  of  adrenaline-induced  hypertension  by  chronic  jnetreatinent 

with  SKF-501. 


humoral  agent  responsible  for  pituitary  stimulation  by  systemic  stress. 

As  can  be  seen  in  Figures  1  and  2,  SKF-oOl  and  Dibenzyline  (under  the 
same  experimental  conditions  as  were  prevalent  in  the  studies  of  ACTH 
release),  were  highly  active  in  blocking  the  blood  pressure  raises  normally 
induced  by  adrenaline  and  nor-adrenaline  respectively,  in  doses  greatly 
exceeding  the  levels  likely  to  be  reached  over  the  same  period  of  time  by 
endogenous  release  during  stress  in  a  rat  of  150  gm.  of  body  weight  (Vogt, 
1952). 

The  systemic  administration  of  atropine,  as  utilized  in  the  experiments 
reported  in  Tables  5  and  6,  was  shown  to  inhibit  in  the  rat  a  phenomenon 
occuring  in  the  central  nervous  system  (electrocorticographic  changes) 
under  the  action  of  a  high  concentration  of  topically  applied  acetylcholine 
and  eserine  on  the  cerebral  cortex.  A  full  account  of  these  experiments  with 
their  electrocorticographic  recordings  will  be  presented  elsewhere  (Moore 
and  Guillemin,  to  be  published).  Similar  results  in  other  animal  species 
have  already  been  reported  (Bonnet  and  Bremer,  1937;  Miller  et  al.,  1940). 


Table  5.  Adaptation’  to  the  non-specific  adrenocorticotrophic  effects  of  atropine. 
Inhibition  of  the  adrenal  ascorbic  acid  response  to  mecholyl 


Treatment 

Hats  per 
jrroup 

Adrenal  ascorbic 
acid  #ig./100  mg. 

Difference 
of  mean 
(%  of  control) 

None 

(5) 

477  ±33 

_ 

Atropine  injection 

(5) 

317  ±22 

-33* 

Atropine  4  days 

(5) 

403  ±25 

-9 

None 

(4) 

467  ±27 

_ 

.Atropine  ti  tlays 

Mecholyl  1  injection 

(6) 

527 -f  20 

-1-12 

(6) 

296  ±8 

-37* 

.Atropine  6  days -f- Mecholyl 

1  injection 

(6) 

439  ±17 

-5 

*  Difference  from  absolute  control  group  statistically  significant. 
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Fig.  2.  Inhibition  of  nor-adrenaline-induced  hypertension  by  chronic  pretieatment 
with  SKF-fiSS-A,  Dibenzyline. 


DISCUSSION 

Wliatever  the  intimate  mode  of  action  of  j3-cholorethylamines  and 
atropine  as  adrenolytic  and  parasympatholytic  agents,  respectively,  the 
fact  that  by  pretreatment  with  these  drugs  the  ACTH  release  normally 
produced  by  adrenaline,  nor-adrenaline  and  acetylcholine  was  completely 
inhibited  seems  to  justify  the  interpretation  that  none  of  these  humoral 
mediators  has  any  indispensable  function  in  the  activation  of  the  anterior 
pituitary  bj'  systemic  or  neurotropic  stress,  at  any  time  after  the  exposure 
to  the  stimuli  or  at  any  stage  in  the  chain  of  events  which  results  eventually 
in  ACTH  secretion.  The  same  reasoning  and  conclusions  apply  to  earlier 
results  regarding  histamine  (Guillemin  and  Fortier,  1953). 

Adrenaline,  nor-adrenaline,  acetylcholine  or  histamine  thus  do  not  ap¬ 
pear  to  be  the  substance  or  substances  hypothetically  released  by  the  pos¬ 
terior  nuclei  of  the  hypothalamus  under  the  influence  of  stress  (Harris, 


T.\bi,e  G.  Effects  of  pretreatment  with  atropine  on  the  adrenal  ascorbic 

ACID  RESPONSE  TO  VARIOI  S  STIMULATING  AGENTS 


Treatment 

Rats  per 
group 

Adrenal  ascorbic 
acid  Bg./lOO  mg. 

Difference 
of  mean 
(%  of  control) 

None 

(6) 

381+17 

_ 

Atropine  4  days 

(6) 

377  +  19 

-1 

Formaline  1  injection 

(6) 

206  ±  n 

-46* 

Immobilization 

(6) 

177  + 17 

-53* 

Formaline -|- Atropine  4  days 

(7) 

2.38115 

-37* 

Immobilization -t- Atropine  4  days 

(8) 

240117 

-37* 

Difference  from  absolute  control  group  statistically  significant. 
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1952;  Hume,  1953)  and  responsible  for  an  increase  in  the  pituitary  secre¬ 
tion  of  ACTH  above  the  resting  state. 

These  results  are  in  contradistinction  with  the  various  hypotheses  pre¬ 
sented  to  account  for  an  apparently  polyphasic  mechanism  responsible 
for  ACTH  release  during  stress  (Long  1946;  McDermott  et  al.,  1950)  and 
with  more  recent  publications  also  attributing  to  adrenaline  a  specific  role 
in  the  involvement  of  the  hypothalamus  in  stress  (Porter,  1952,  1953; 
McCann,  1953). 

The  release  of  ACTH  from  pituitary  transplants  by  direct  application 
of  adrenaline  or  histamine  (Fortier,  1952;  Long  et  al.,  1952)  may  not  have 
the  physiological  significance  attributed  to  it.  It  could  be  interpreted  as 
reflecting  only  a  sort  of  holocrine  secretion  consequent  to  the  nonspecific 
physico-chemical  trauma  inflicted  by  these  substances  to  the  cells  of  the 
pituitary  tissue.  This  is  confirmed  by  the  direct  visualization  of  such  dam¬ 
age  in  the  living  cells  of  tissue  cultures,  when  minute  doses  of  histamine,  for 
instance,  are  added  to  the  fluid  flowing  through  the  perfusion  chamber 
(Pomerat,  personal  communication). 

Sawyer  and  Parkerson  (1953)  reported  that  SKF-501  administered  24 
hours  before  the  beginning  of  stress  prevented  the  eosinopenia  normally 
occurring  one  hour  after  epinephrine  and  formaline  administration,  but 
was  not  activ’e  in  preventing  the  eosinopenia  that  occurred  4  hours  after 
epinephrine  and  formaline  injection,  whereas  some  inhibition  was  present 
in  cold  stress.  They  considered  these  results  as  a  direct  confirmation  of 
Long’s  biphasic  mechanism  for  pituitary  ACTH  release.  It  would  be  inter¬ 
esting  to  re-in  vest  igate  in  their  own  experimental  conditions  the  variations 
in  the  level  of  the  adrenal  ascorbic  acid,  a  more  valid  indicator  of  ACTH 
release  than  eosinopenia.  It  has  been  noted  in  the  present  experiments  that 
the  percentage  of  adrenal  ascorbic  acid  fall  90  minutes  after  the  beginning 
of  stress  is  not  statistically  different  from  the  response  of  normal  individ¬ 
uals  in  animals  pretreated  with  SKF-501  or  Dibenzyline. 

There  still  remains  thus  the  question  of  the  nature  of  the  “first  mediator” 
which  triggers  the  hypothalamus  or  the  anterior  lobe  of  the  pituitary  for 
the  release  of  ACTH.  Equally  elusive  is  the  nature  of  the  mediators  be¬ 
tween  the  hypothalamus  and  the  pars  distalis  in  the  latter’s  response  to 
neurotropic  stress. 

SUMMARY 

In  rats  “adapted”  to  the  nonspecific  stressing  effects  of  pharmacological 
antagonists  (SKF-501,  Dibenzyline,  atropine),  the  ACTH  release  which 
normally  follows  injection  of  adrenaline,  nor-adrenaline,  or  acetylcholine, 
is  completely'  prevented  bj'  pretreatment  with  the  corresponding  blocking 
agents.  In  these  conditions,  it  proved  impossible  to  alter  significantly  the 
ACTH  release  normally  induced  by  a  systemic  stress  (formaline)  and  a 
neurotropic  “emotional”  stimulus  (forced  immobilization). 
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The  data  reported  do  not  support  the  view  that  adrenaline,  nor-adren- 
aline,  acetylcholine  or  histamine  are  important  factors  or  in  any  way  an 
indispensable  link  in  hypothalamus-pituitary  activation  by  neurotropic 
stress.  They  also  eliminate  each  of  these  mediators  as  the  sole  humoral 
agent  responsible  for  pituitary  stimulation  by  systemic  stress. 
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THE  EFFECT  OF  TWO  STEROID  ANALOCiS  ON 
ORGAN  WEIGHTS  OF  INTACT  AND 
HYPOPHYSECTOiMIZED  RA’TS 


F.  STURTEVANT 

Division  of  Biological  Research,  G.D.  Searle  tfc  Co.,  Chicago,  Illinois 


STURTEVANT,  Saunders  and  Hambourger  (1954)  recently  described 
the  pharmacology  of  two  steroid  analogs,  2,3-bis(p-hydroxyphenyl)- 
valeronitrile  (designated  SC-3402)  and  the  corresponding  propionitrile 
(SC-4473):' 


N 


N 


These  compounds  were  found  to  reverse  sustained  renal  and  metacorticoid 
hypertension  in  rats.  SC-3402,  but  not  SC-4473,  induced  severe  internal 
hemorrhages  in  dogs  and  marked  growth  inhibition  with  adrenal  and  uter¬ 
ine  weight  increase  in  intact  rats.  The  present  report  describes  the  effects 
of  these  compounds  on  various  organ  weights  of  normotensive  intact  and 
hypophysectomized  rats. 

MATERI.\LS  AND  METHODS 

Experiment  1.  The  experimental  animals  consisted  of  30  male  Sprasue-Dawley  rats 
weighing  95-152  gm.  and  fed  Rockland  Rat  Diet  and  tap  water  ad  libitum.  They  were 
divided  into  3  equal  groups  and  injected  daily  for  28  days  as  follows:  20  mg./kg.  of 
SC-3402,  20  mg./kg.  of  SC-4473,  and  equivolume  amounts  of  0.86%  NaCl  solution.  In¬ 
jections  were  made  at  different  sites  subcutaneously  for  the  first  10  days,  intramuscularly 
for  the  next  10  days,  and  subcutaneously  for  the  remaining  8  days.  On  the  29th  day,  all 
rats  were  sacrificed  with  chloroform  and  autopsied.  The  following  organs  were  removed, 
blotted  with  filter  paper  and  weighed  immediately:  heart,  adrenals,  testes,  thymus,  and 
kidneys  (decapsulated).  The  adrenals  were  fixed  in  Zenker’s  solution  and  stained  with 
haematoxylin-eosin  for  histological  examination. 

Experiment  2.  Thirty-nine  hypophysectomized  male  rats,  weighing  112-134  gm.,  were 
divdded  into  3  equal  groups.  On  the  second  postoperative  day,  thej’  were  implanted  with 

Received  July  30,  1954. 

^  The  sj’nthesis  of  this  series  of  compounds  has  been  described  bj'  Rorig  (1951,  1953, 
1955). 
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40  mg.  Flexo\vax-Carbo\vax-4000  pellet  containing  20  mg.  desoxycorticosterone  acetate, 
and  offered  Rockland  Rat  Diet  and  a  1.0%  glucose-0.86%  NaCl  solution  ad  libitum. 
The  following  day,  treatment  was  instituted  as  in  Experiment  1.  On  the  4th  day,  the 
diet  was  supplemented  with  Starlac-soaked  bread  in  order  to  offset  the  rising  mortality. 
On  the  29th  day  of  treatment,  the  rats  were  sacrificed  and  autopsied  as  above. 

RESULTS 

Experiment  1.  At  autopsy,  it  was  found  that  neither  compound  had 
produced  any  gross  pathological  changes.  However,  both  compounds  sig¬ 
nificantly  decreased  the  growth  rate  (Table  1);  the  group  treated  with  SC- 
4473  gained  approximately  80%  as  much  weight  as  the  control  group. 


Table  1.  Organ  weights,  uncorrected  and  corrected  for  linear 
REGRESSION  ON  BODY  WEIGHT 


(Iroup  j 

No. 

of 

rats 

Body  wt.,  (?m.  | 

Adrenal  j 
wt.,  1 
iiig.  i 

Thymas 

wt., 

in?.  1 

Kidney  wt  ,  gni.j 

Heart  wt.,  giii.  | 

Testis  wt.,  gm. 

Initial  j 

Change  | 

U  1 

c 

1 

c  1 

U  1 

C 

Intact  rats 
SC-4473 

30 

10 

127.7 

-t-130.0tl 

1 

44.7 

468» 

2. .300  i 

2.118 

.931 

.856 

3.153 

2.89.3t 

SC-3402 

10 

127.1 

+  27.i>tj 

51  .Ot 

133t  ' 

1.559t 

2.110 

.598t 

.82.3 

.636t 

1.418t 

Controls 

10 

127.7 

-1-157.4 

41.5 

572 

2.417 

2.040 

1  .971 

.817 

3.186  { 

2.650 

Hypox  rats 
SC-4473 

27 

6 

127.2 

-  16.7 

9.7 

i 

1  171 

.817 

1  ..395 

.275  1 

SC-3402 

10 

125.0 

-  25. 3t 

9.8 

52t 

.751* 

1  .790 

1  .376* 

i  .393 

.315  1 

— 

Controls 

11 

124.3 

-  11.4 

9.6 

201 

'  .818 

I  .7811 

!  .412 

1  .397 

1  .355 

— 

♦  I’  <0.05  that  treat  “control  mean, 
t  P  <0.01  that  treat  “control  mean. 

“Uncorrected  means. 

C  “Corrected  means. 


while  the  SC-3402-treated  group  gained  only  20%  as  much.  Because  of  the 
differences  in  terminal  body  weights,  group  organ  weights  could  not  be 
compared  without  first  correcting  for  any  regressions  of  organ  weight  on 
body  weight.  The  nature  of  these  regressions  within  the  ranges  at  hand 
was  investigated  by  plotting  the  individual  organ  weights  against  the 
corresponding  body  weights  for  all  rats  on  arithmetic  graph  paper.  To  these 
plots  were  added  others  obtained  from  autopsies  of  normal  untreated  rats 
of  the  same  colony  whose  body  weights  (140-200  gm.)  approximated  those 
of  the  SC-3402  group  at  autopsy. 

It  was  immediately  evident  by  inspection  that  neither  adrenal  nor 
thymus  weight  bore  any  significant  linear  relationship  to  body  weight 
within  the  ranges  observed,  and  it  was  therefore  possible  to  compare  the 
group  means  without  any  corrections  for  body  weight.  It  was  observed  in 
the  plots,  and  verified  (Table  1)  by  “Student’s”  f-test  (Snedecor,  1946,  p. 
77),  that  the  SC-3402  group  exhibited  a  significant  adrenal  weight  increase 
and  thymus  weight  decrease. 

The  plots  of  kidney  and  heart  weight  against  body  weight  for  all  4  groups 
of  rats  fell  on  straight  lines  with  approximate  slopes  of  0.007  and  0.003 
gm./gm.,  respectively.  These  statistics  compared  favorably  with;those 
reported  by  Hatai  (1913)  and  von  Bertalanffy  and  Pirozynski_(1952)  (see 
Table  2),  Although  Brody  (1945,  Chap.  17)  recommended  relating  kidney 
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and  heart  weight  to  body  weight  by  the  familiar  allometry  equation  Y  =  aX**, 
the  slope  b  was  so  near  unity  that,  within  our  narrow  range  of  body  weight, 
the  linear  form  Y  =  aX+C  was  quite  satisfactory.  Therefore,  the  observed 
individual  kidney  and  heart  weights  were  corrected  for  deviation  from  the 
mean  body  weight  (232  gm.)  using  the  linear  regression  coefficients 
(Snedecor,  1946,  p.  116).  The  adjusted  mean  kidney  and  heart  weights  of 
both  treated  groups  did  not  differ  significantly  from  those  of  the  saline- 
injected  controls  (Table  1). 

In  the  arithmetic  plot  of  testis  weight  against  body  weight,  it  appeared 
that  SC-3402  had  retarded  testis  growth.  The  regression  coefficient  for  the 
rats  of  the  3  experimental  groups  was  0.0196  gm./gm.;  when  the  SC-3402 
group  was  replaced  by  the  untreated  rats  of  similar  body  weight,  the  slope 
was  decreased  to  0.0101  gm./gm.  (Table  2).  Using  this  latter  slope,  testis 


Table  2.  Statistics  for  linear  regressions  of  organ  weights 
ON  BODY  WEIGHTS 


Statistics 

Xo.  of 
rats 

Kidneys 

Heart 

Testes 

Intact  rats 

30 

Regression  coefficient,  gm./gm. 

.0071 

.0029 

.0101 

Slope  of  Hatai’s  curve 

.0075 

.0032 

.0058 

Slope  of  Bertalanffy’s  curve 

.0060 

j  .0038 

— 

Hypophysectomized  rats 

i  21* 

Regression  coefficient,  gm./gm. 

.0055 

.0024 

— 

*  Omitting  SC-4473  group. 


weights  were  adjusted  to  a  body  weight  of  232  gm.  as  before,  and  the  cor¬ 
rected  means  compared  statistically.  The  inhibitory  effect  of  SC-3402  on 
testis  growth  was  confirmed  (Table  1).  There  appeared  to  be  an  increased 
testis  weight  in  the  SC-4473  group,  although  this  result  was  not  highly 
significant  (Table  1).  The  regression  coefficient  of  0.0101  gm./gm.  is  much 
greater  than  Hatai’s  (Table  2),  as  determined  by  transformation  of  his 
equation  to  a  linear  one  over  the  body  weight  range  130-350  gm.  Such  a 
linear  segment  of  Hatai’s  curve  would  intersect  the  present  one  at  a  bod}^ 
weight  of  approximately  120  gm.;  however,  the  logarithmic  form  of  Hatai’s 
curve  (testis  weight  =  2.91  log  body  weight — 4.52)  has  no  roots  in  common 
with  the  curve  we  derived  (testis  weight  =  0.0101  body  weight -|- 0.4).  It  is 
suggested  that  the  rats  used  in  the  present  experiment  had  a  greater 
testicular  growth  rate  than  Hatai’s  during  this  period. 

Histological  examination  of  the  adrenals  of  the  3  groups  revealed  no 
pathological  changes  in  the  SC-4473  and  saline-treated  groups,  as  well  as 
in  half  of  the  SC-3402-treated  rats.  The  remainder  of  the  latter  group  dis¬ 
played  varying  amounts  of  hyperplasia  and/or  hypertrophy  of  the  zona 
fasciculata  of  the  cortex. 

Experiment  2.  A  total  of  12  rats  died  during  this  experiment:  7  in  the 
SC-3402  group,  3  in  the  SC-4473  group,  and  2  in  the  saline  group.  Within 
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the  narrow  range  of  body  weight  in  all  groups  (84-112  gm.),  there  was  no 
apparent  dependence  of  thymus,  adrenal,  or  testis  weight  on  body  weight; 
therefore,  these  means  were  compared  without  adjustment.  SC-3402  sig¬ 
nificantly  decreased  the  growth  rate  of  the  body  and  thymus,  but  did  not 
affect  that  of  the  adrenals  or  testes  (Table  1).  Although  significant  regres¬ 
sion  did  obtain  in  the  case  of  kidney  and  heart  weight  on  body  weight,  the 
SC-4473  group  could  be  compared  to  the  controls  without  correction  be¬ 
cause  of  the  close  approximation  of  terminal  body  weights:  the  means  were 
not  significantly  different  (Table  1).  Since  there  was  considerable  overlap 
of  the  body  weights  of  all  3  experimental  groups  plus  a  relatively  restricted 
scatter  of  plots  along  the  regression  lines  (i.e.,  variance),  it  was  not  deemed 
necessary  to  replace  the  SC-3402  data  by  plots  of  untreated  rats  of  similar 
body  weight  as  was  done  in  Experiment  1.  Therefore,  the  kidney  and  heart 
weights  of  the  SC-3402  group  were  adjusted  to  a  mean  body  weight  of  107 
gm.  using  the  regression  coefficients  in  Table  2,  which  were  derived  from 
the  SC-3402  and  saline-injected  groups.  These  adjusted  means  were  not 
significantly  different  from  those  of  the  saline-injected  controls. 

There  was  no  discernible  difference  between  the  histology  of  either 
treated  group  and  the  controls:  all  adrenals  displayed  extensive  cortical 
atrophy. 


DISCUSSION 

The  effects  of  SC-3402  and  SC-4473  on  organ  weights  in  intact  and 
hypophysectomized  rats  were  comparable  to  those  of  an  estrogen.  Estro¬ 
gens  in  general  induce  thymic  atrophy  by  direct  action  and  also  indirectly 
by  stimulating  the  release  of  ACTH,  which  then  results  in  a  mild  hyper- 
corticoidism,  characterized  in  the  rat  principally  by  somatic  growth  inhi¬ 
bition  and  thymic  atrophy  (Selye,  1950,  p.  40).  Estrogens  also  inhibit 
growth  in  adrenalectomized  rats  (Edgren,  1954).  Depending  on  dosage, 
estrogens  may  either  stimulate  or  inhibit  the  production  of  gonadotrophins 
(Finerty  and  Meyer,  1950;  Byrnes  and  Meyer,  1951). 

SC-3402  caused  marked  growth  inhibition  in  the  intact  rats  and  a  sig¬ 
nificantly  increased  weight  loss  in  the  hypophysectomized  animals  (Table 
1).  Adrenal  weight  increase  was  observed  only  in  the  intact  rats,  and  there¬ 
fore  was  attributable  to  increased  ACTH  production  as  a  result  of  SC-3402 
treatment.  Since  thymus  weight  was  decreased  in  both  the  operated  and 
non-operated  groups,  it  was  concluded  that  the  thymolytic  effect  of  SC- 
3402  was  due  at  least  in  part  to  direct  action,  apart  from  its  effect  on  the 
pituitary-adrenal  axis.  SC-3402  caused  decreased  testicular  growth  only  in 
intact  rats,  presumably  as  a  result  of  gonadotrophin-inhibition. 

SC-4473  caused  a  mild,  though  significant,  reduction  in  the  growth  rate 
of  intact  rats,  and  a  questionable  increased  weight  loss  in  the  hypophy¬ 
sectomized  animals  (Table  1).  Although  there  was  only  a  slight  increase 
in  the  adrenal  weight  of  intact  rats  receiving  SC-4473,  a  mild  but  signifi- 
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cant  thymic  atrophy  was  observed.  This  may  have  been  mainly  the  result 
of  direct  thj^molytic  action,  even  though  the  thymic  atrophy  in  the  hypo- 
physectomized  group  was  not  significant.  SC-4473  caused  a  slight  increase 
in  testis  weight,  which  was,  however,  of  only  borderline  significance. 

If  the  results  of  these  experiments  are  explicable  in  terms  of  the  estro¬ 
genic  potencies  of  the  two  compounds,  it  would  appear  that  SC-3402  is 
certainly  the  more  potent  estrogen.  This  is  in  agreement  with  the  observa¬ 
tion  that  SC-3402  had  l)etween  0.1  and  1.0%  the  activity  of  estrone,  as 
measured  by  uterine  weight  increase  in  intact  immature  mice,  compared  to 
SC-4473,  which  had  less  than  0.1%  the  activity  of  estrone  (Sturtevant, 
Saunders  and  Hambourger,  1954).  The  greater  estrogenicity  of  SC-3402 
might  have  been  predicted  from  the  facts  that  diethylstilbestrol  and  3,4- 
bis(p-hydroxyphenyl)-2-hexanone  are  known  to  be  considerably  more 
estrogenic  than  monoethylstilbestrol  and  3,4-bis-(p-hydroxyphenyl)-2- 
butanone,  re.spectively  (Emmens,  1942;  Rorig,  1951,  1953).  In  these  ca.ses, 
removal  of  the  ethyl  group  greatly  reduces  the  estrogenicity  of  the  com¬ 
pounds. 


SUMMARY 

Intact  and  hypopln'sectomized  rats  received  28  daily  parenteral  in¬ 
jections  of  either  of  two  steroid  analogs:  2,3-bis(p-hydroxyphenyl)- 
valeronitrile  or  the  corresponding  propionitrile.  Terminal  organ  weights 
were  corrected  for  linear  regressions  on  body  weight  when  necessary.  The 
changes  in  organ  weights  of  the  treated  rats  were  explicable  in  terms  of  the 
estrogenic  properties  of  the  two  compounds,  the  valeronitrile  being  the 
more  potent  estrogen. 
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THE  EFFECT  OF  GROWTH  HORMONE  AND 
THYROXINE  ON  THE  MITOTIC  RATE  OF 
THE  INTESTINAL  .MUCOSA  OF  THE  RAT 

C.  P.  LEBLOND  and  RITA  CARRIERE 

Department  of  Anatomy,  McGill  University,  Montreal,  Canada 

SINCE  an  increase  in  cell  number  is  one  of  the  processes  by  which  or¬ 
gans  and  tissues  grow,  it  was  of  interest  to  investigate  how  cellular 
proliferation  is  influenced  by  two  major  growth-promoting  factors,  the 
pituitary  growth  hormone  and  the  thyroid  hormone,  thyroxine. 

Replacement  doses  of  these  two  hormones  were  therefore  administered, 
separately  or  in  combination,  to  thyroidectomized  and  or  hypophysecto- 
mized  rats,  and  cellular  proliferation  was  investigated  by  counting  the  divid¬ 
ing  cells  in  the  crypts  of  Lieberkiilm  of  the  duodenum,  where  under  nor¬ 
mal  conditions,  mitoses  are  abundant  and  appear  at  a  constant  rate  (Le- 
blond  and  Stevens,  1948). 

METHODS 

Two  experiments  were  carried  out.  In  the  first  experiment  12  groups  of  10-20  male 
albino  rats  each  (from  the  Charles  River  Breeding  Laboratories,  Wilmington,  Mass.) 
were  thyroidectomized  and  or  hypophysectomized  when  weighing  120-150  gm.  and 
thereafter  received  thyroxine  and  or  growth  hormone'  for  31  days.  A  thirteenth  group 
was  kei)t  as  intact  control  (Table  1). 

In  the  second  experiment  hooded  rats  (Royal  Victoria  Hospital,  Montreal)  were  th}  - 
roidectomized  when  weighing  50  ±  5  gm.  Fifty-four  days  later,  these  animals  were  divided 
into  4  groups  of  7  or  8  animals  each.  Thyroxine  and/or  growth  hormone  were  admin¬ 
istered  for  a  further  period  of  36  days.  A  fifth  group  was  kept  as  intact  control  (Table  1). 

The  animals  were  fed  on  Remington’s  low  iodine  diet  (with  10%  yeast  and  2%  liver 
added;  Leblond  and  Eartly,  1952).  In  addition,  sugar  cubes  were  kept  in  the  cages. 
Calcium  lactate  and  dextrose  were  added  to  the  drinking  water,  the  former  to  prevent 
tetany  in  the  thyroidectomized  animals  (since  thej’  were  also  parathyroidectomized),  the 
latter  to  increase  the  carbohydrate  intake  (of  the  hypophysectomized  animals). 

The  hormonal  substitutes  were  injected  in  the  following  manner;  sodium  oL-thy- 
roxine  was  given  at  the  rate  of  6  jug.  daily  in  2  injections  in  a  volume  of  0.10  ml.  of  saline 
each.  The  growth  hormone  dose,  adjusted  to  keep  the  daily  weight  gains  constant,  was 
given  in  2  daily  injections  beginning  at  100  p%.  and  increasing  stepwise  to  600  /xg.  per 
day. 

The  animals  were  weighed  weekly  as  well  as  at  the  end  of  the  experiments  (Table  1). 
Oxygen  consumption  was  estimated  once  a  week  (Table  2).  The  completeness  of  thj’- 

Received  for  publication  August  2,  1954. 

'  The  growth  hormone  was  prepared  at  the  Connaught  Laboratories,  Toronto,  Ont., 
and  was  donated  by  the  National  Research  Council  of  Canada. 
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Table  1.  Effect  of  thyroidectomy  and/or  hypophysectomy,  and  of  treatment 

WITH  THYROXINE  AND/OR  GROWTH  HORMONE  ON  BODY  WEIGHT  (GM.) 


Controls 

Thyroxine 

Growth 

hormone 

Thyroxine 

and 

growth 

hormone 

Experiment  1 

Intact 

246 

Thyroidectomized 

173 

199 

.  193 

205 

Hypophysectomized 

127 

135 

160 

165 

Hypophysectomized  and 

122 

130 

152 

144 

Thyroidectomized 

Experiment  2 

Intact 

247 

— 

— 

— 

Thyroidectomized 

66 

145 

97 

137 

Any  italicized  figure  is  significantly  different  (P  ^0.02)  from  the  control  value  on  the  left 
side  of  the  same  line. 


roidectomy  was  verified  by  the  absence  of  acidophiles  on  histological  examination  of  the 
hypophysis.  The  completeness  of  hypophysectomy  was  verified  by  the  absence  of  gain 
in  body  weight  and  the  atroph}'  of  thyroids,  adrenals,  testes  and  male  accessories. 

For  the  study  of  mitotic  activitj’,  a  piece  of  duodenum  taken  near  the  pylorus  was 
used.  Fixation  was  in  Orth  and  the  sections  were  stained  with  hematoxylin-eosin.  The 
mitotic  counts  were  carried  out  at  a  magnification  of  X980,  and  the  depth  of  focus  was 
not  varied  more  than  2  p.  Twenty  crypts  of  Lieberkiihn  were  selected  in  the  section  from 
each  animal,  preference  being  given  to  those  crypts  which  had  been  sectioned  through 
their  whole  length.  A  total  of  50-70  epithelial  nuclei  (appearing  in  the  field  as  fragments 
of  more  than  half  the  whole  nucleus)  was  counted  from  the  base  up  in  the  lower  1  of  each 
suitable  crypt;  the  upper  g  contained  densely  crowded  nuclei  which  were  difficult  to 
count.  The  mitotic  figures  were  recorded  and  the  mitotic  rate  expre.ssed  as  the  number  of 
mitoses  per  100  nuclei.  It  may  be  noted  that  the  individual  slides  were  randomized,  and 
the  counting  was  done  without  knowledge  of  the  group  to  which  the  sections  belonged. 
The  results  were  statistically  examined  by  analysis  of  variance,  and  the  group  averages 
were  compared  by  “t”  tests.  Values  differing  significantly  (P  g0.02)  from  those  of  the 
corresponding  operated  controls  were  italicized  in  the  tables. 

Table  2.  Effect  of  thyroidectomy  and/or  hypophysectomy,  and  of  treatment 

WITH  THYROXINE  AND/OR  GROWTH  HORMONE  ON  OXYGEN  CONSl'MPTION 
(Measured  as  cc.  ()-./cm*/hour,  at  the  end  of  the  experiment) 


Controls 

Thyroxine 

Growth 

hormone 

Thyroxine 

and 

growth 

hormone 

Experiment  1 

Intact 

75.7 

— 

— 

— 

T  hy  roid  ecto  mized 

57.1 

74.6 

59.9 

78.2 

Hypophysectomized 

58.7 

66.5 

53.5 

66.7 

Hypophysectomized  and 

52.3 

62.7 

55.4 

63.3 

Thyroidectomized 

Experiment  2 

Intact 

78.9 

— 

— 

— 

Thyroidectomized 

72.6 

85.2 

81.7 

79.6 

Any  italicized  figure  is  significantly  different  (P  ^0.02)  from  the  control  value  on  the  left 
side  of  the  same  line. 
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RESULTS 

First  Experiment 

The  mitotic  activity  (Table  3)  was  significantly  lower  after  thyroidec¬ 
tomy  or  hypophysectomy  or  both  than  in  the  intact  controls  (P<0.01). 

Growth  hormone,  when  administered  alone,  produced  a  significant  in¬ 
crease  in  the  mitotic  activity  in  all  groups  (see  italicized  values  in  Table 


Table  3.  Effect  of  thyroidectomy  and/or  hypophysectomy,  and  of  treatment 

WITH  THYROXINE  AND/oR  GROWTH  HORMONE  ON  THE  MITOTIC  ACTIVITY 
IN  THE  CRYPTS  OF  LIEBERKUHN  OF  THE  DUODENI  M 

(Per  pent  of  cells  undergoing  division) 


(Controls 

Thyroxine 

Growth 

hormone 

Thyroxine 

and 

growth 

hormone 

Experiment  1 

Intact 

8.0 

— 

— 

— 

Thyroidectomized 

.=>.0 

S.O 

7.5 

7.2 

Hypophysectomized 

3.0 

5.3 

6.2 

6.1 

Hypophysectomized  ami 

I.O 

5.2 

6.9 

0.4 

Thyroidectomized 

Experiment  2 

Intact 

6.3 

— 

— 

— 

Thyroidectomized 

4.6 

7.2 

7.6 

7 .0 

Any  italicized  6gure  is  significantly  different  (P  ^0.02)  from  the  control  value  on  the  left 
side  of  the  same  line. 


3),  and  the  values  reached  were  statistically  equal  to  that  of  the  intact 
control  group,  but  oidy  in  the  thyroidectomized  and  doubly  operated 
groups. 

Thyroxine  alone  was  effective  in  thyroidectomized  but  not  in  hypophy- 
sectomized  animals  (Table  3). 

When  thyroxine  was  given  in  combination  with  growth  hormone,  the 
effects  obtained  were  identical  to  those  produced  by  growth  hormone  alone, 
as  described  above. 

Second  Experiment 

Although  the  thyroidectomized  animals  had  been  kept  for  a  long  period 
after  operation  before  the  hormonal  substitutes  were  administered,  the 
mitotic  rate  was  restored  to  the  normal  level  by  either  growth  hormone  or 
thyroxine  or  both. 

DISCUSSION 

The  effectiveness  of  the  growth  hormone  preparation  was  shown  by  the  in¬ 
crease  in  body  weight  it  produced  in  treated  hypophysectomized  rats 
(Table  1).  This  preparation  did  not  alter  the  weights  and  histological  ap¬ 
pearance  of  the  thyroids  and  adrenals  and,  therefore,  was  free  of  the  thyro- 
trophic  and  corticotrophic  factors.  However,  testis  weight  was  increased 
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significantly,  a  fact  indicating  that  the  growth  hormone  preparation  was 
contaminated  4nth  gonadotrophic  material.  Since  the  interstitial  cells  of 
the  testis  were  atrophic  and  the  size  of  the  seminal  v'esicles  was  not  in¬ 
creased  significantly  (Table  4),  it  was  assumed  that  the  enlarged  testes  of 
the  treated  animals  secreted  little,  if  any  androgen.  Therefore,  it  was  con¬ 
cluded  that  the  effect  of  growth  hormone  in  increasing  the  mitotic  activity 
of  the  epithelium  of  the  duodenum  was  due  to  the  growth  hormone  itself 
rather  than  to  a  hormonal  contaminant. 

Thyroxine,  the  effectiveness  of  which  was  shown  by  the  rise  in  oxygen 
consumption  of  treated  thyroidectomized  and  or  hypophysectomized  rats 


Table  4.  Effect  of  thyroidectomy  and/or  hypophysectomy,  and  of  treatment 

WITH  THYROXINE  AND/OR  OROWTH  HORMONE  ON  THE  ABSOLI  TE 
WEIGHT  OF  THE  SEMINAL  VESICLES  (mg.) 


Controls 

Thyroxine 

(Jrowth 

hormone 

Tliyroxine 

and 

growth 

liormone 

Experiment  1 

Intact 

467 

— 

— 

— 

Thyroidectomized 

dll 

HOI 

340 

230 

Hypophysectomized 

47 

56 

76 

54 

Hypophysectomized  and 
Thyroidectomized 

37 

40 

4  4 

52 

Experiment  2 

Intact 

505 

— 

— 

— 

Thyroidectomized 

26 

SJ,2 

107 

805 

Aliy  italicized  figure  is  significantly  different  (P  SO. 02)  from  the  control  value  on  the  left 
side  of  the  same  line. 


(Table  2),  restored  normal  mitotic  activity  in  thyroidectomized,  but  not  in 
hypophysectomized  animals  (Table  3,  Experiments  1  and  2).  Therefore, 
thyroxine  exerted  a  significant  mitogenic  effect  only  if  the  hypophysis  was 
present.  There  is  good  evidence  (summarized  by  Eartly  and  Leblond,  1954) 
that  replacement  doses  of  thyroxine  induce  the  hypophysis  to  resume  its 
secretion  of  growth  hormone  interrupted  by  thyroidectomy.  The  endog¬ 
enous  growth  hormone  resulting  from  thyroxine  administration  to  thy¬ 
roidectomized  animals  should  increase  mitotic  activity  in  the  same  manner 
as  exogenous  growth  hormone.  Conversely,  the  lack  of  a  growth  hormone 
source  in  hypophysectomized  rats  may  explain  why  exogenous  thyroxine 
has  not  significantly  increased  mitotic  activity  in  these  animals.  Release  of 
endogenous  growth  hormone  may  explain  the  increase  in  mitotic  activity 
produced  by  exogenous  thyroxine  in  rat  liver  (^^'ilson  and  Leduc,  1948) 
and  sebaceous  glands  (Ebling,  1948). 

Since  there  is  evidence  that  the  mitotic  activity  of  a  tissue  is  dependent 
on  the  level  of  glycogen  present  (Bullough  and  Johnson,  1951)  and  more 
generally  on  the  rate  of  carbohydrate  metabolism  (O’Connor,  1954),  it  is 
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tempting  to  relate  the  mitogenic  activity  of  growth  hormone  to  its  ability 
to  maintain  a  normal  glycogen  level  in  the  tissues  of  fasted  (Illingworth 
and  Russell,  1951)  and  non-fasted  (Ellis  et  al.,  1958)  hypophysectomized 
rats.  Likewise,  thyroxine  may  increase  the  mitotic  rate  of  the  intestinal 
epithelium  by  a  similar  mechanism  since  its  effect  is  mediated  by  endog¬ 
enous  growth  hormone.  However,  there  have  also  been' reports  of  thyroxine 
decreasing  the  frequency  of  cell  divdsion,  such  as  in  corneas  undergoing 
regeneration  (Smelser  and  Ozanics,  1954)  and  in  the  epidermis  of  castrated- 
thyroidectomized  rats  (Eartly  et  al.,  1951).  The  differences  in  the  response 
to  thyroxine  may  be  due  to  differences  in  local  factors  or  in  the  doses 
administered.  It  is  also  possible  that  the  well  known  ability  of  this  hormone 
to  deplete  tissues  of  glycogen  may  cause  some  decrease  in  mitotic  activity. 
Accordingly,  any  observed  effect  of  thyroxine  on  mitotic  activity  may  be 
the  result  of  a  balance  between  two  antagonistic  phenomena,  a  growth 
hormone-mediated  effect  tending  to  increase,  and  a  more  direct  effect  tend¬ 
ing  to  decrease  mitotic  activity. 

Whereas  in  some  tissues,  e.g.,  kidney,  growth  is  due  essentially  to  the 
addition  of  new  cells  (unpublished  results),  tissues  with  abundant  mitoses 
such  as  the  intestinal  epithelium  grow  as  a  result  of  the  predominance  of 
cell  formation  over  cell  loss.  It  is  in  such  an  indirect  manner  that  the  in¬ 
creased  rate  of  cell  formation  produced  by  growth  hormone  or  thyroxine 
contributes  to  the  growth  of  the  intestine. 

SUMMARY 

^Experiments  were  designed  to  determine  whether  the  growth  hormone 
of  the  anterior  pituitary  and  the  thyroid  hormone,  thyroxine,  have  a  mito¬ 
genic  effect.  The  test  site  was  the  epithelium  of  the  crypts  of  Lieberkiihn 
in  the  duodenum  of  male  rats.  These  animals  had  been  subjected  to  thy¬ 
roidectomy,  hypophysectomy,  or  both. 

The  number  of  dividing  cells  in  the  crypts  of  Lieberkiihn,  8.0%  in  intact 
animals,  is  depressed  to  5.0%  by  thyroidectomy  and  to  3.9%  by  hypo¬ 
physectomy  (Table  3,  Experiment  1). 

Treatment  with  growth  hormone  increases  the  mitotic  rate  regardless  of 
operative  treatment  and  restores  it  to,  or  close  to,  the  normal  range. 

Thyroxine  restores  the  mitotic  rate  to  normal,  but  only  in  the  presence 
of  the  hypophysis  (Table  3).  This  effect  is  believed  to  be  mediated  by 
endogenous  growth  hormone. 

It  is  suggested  that  the  mitogenic  effect  of  growth  hormone  may  play  a 
role  in  the  growth  response  of  the  organism  to  this  hormone. 
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METABOLISM  OF  TESTOSTERONE-S-C'^ 

IN  THE  GUINEA  PIG' 

SHLOMO  BURSTEIN,  FRANK  UNGAR,  MARCEL  GUT  and 
RALPH  L  DORFMAN 

Worcester  Foundation  for  Experimental  Biology,  Shrewsbury,  Massachusetts 

A  NDROSTERONE  and  3a-hydroxyetiocholan-17-one  have  been  dem- 
Am.  onstrated  to  be  the  principal  urinary  metabolites  of  administered 
testosterone  in  man  (Callow,  1939;  Dorfman  et  ah,  1939;  Fukushima  et  al., 
1952;  and  West  et  al.,  1951).  Epiandrosterone  has  been  isolated  from  the 
urine  of  a  male  guinea  pig  (Dorfman  and  Fish,  1940)  and  of  a  hypogonadal 
man  (Dorfman,  1941)  following  the  administration  of  testosterone.  Since 
the  guinea  pig  is  being  used  for  steroid  hormone  studies,  it  would  be  of  in¬ 
terest  to  know  the  principal  urinary  metabolites  of  testosterone  in  this 
species.  To  this  end,  testosterone-3-C*^  was  administered  intraperitoneally 
to  a  male  guinea  pig  and  by  the  addition  of  suitable  carrier  steroids  to  the 
urinary  extracts,  several  metabolities  of  testosterone  have  been  demon¬ 
strated. 

EXPERIMENTAL 

6  mg.  (1.2X10''’  cts.  /min./mg.)*  of  testosterone  -3-C“  prepared  by  the 
method  of  Turner  (1950)  were  administered  in  corn  oil  to  an  800  gm.  male 
guinea  pig.  A  urine  sample  (40  ml.),  collected  for  17  hours,  contained  a 
total  of  6X10®  cts.  min.  (Fig.  1).  The  urine  was  hydrolyzed  by  boiling  for 
10  minutes  with  15%  (by  volume)  concentrated  hydrochloric  acid  and 
extracted,  following  saturation  with  NaCl,  with  4X100  ml.  benzene.  The 
benzene  extract  was  washed  with  2N  NaOH,  followed  by  water  and  evap¬ 
orated  to  dryness.  The  dried  extract  weighed  7.4  mg.  and  contained 
4.9X10®  cts./ min.  The  residual  activity  in  the  urine  following  extraction 
was  0.65X10®  cts./min.  No  significant  quantity  of  radioactive  material 
could  be  demonstrated  in  the  acidic-phenolic  fraction.  The  urine  extract 
was  treated  with  Girard’s  reagent  T  and  separated  into  a  ketonic  and  a 
non-ketonic  fraction.  A  total  of  4.76X10®  cts./min.  were  contained  in  the 
ketonic  fraction  (3.1  mg.)  and  0.43X10®  cts./min.  in  the  non-ketonic  (4.7 
mg.)  fraction. 

Received  August  8,  1954. 

‘  This  investigation  was  aided  in  part  by  Contract  No.  AT(30-1)-918,  United  States 
Atomic  Energy  Commission;  and  Research  Grant  NSF-G664,  National  Science  Founda¬ 
tion. 

*  A  maximum  of  1  mg.  of  the  radioactive  sample  was  plated  on  aluminum  planchets 
and  weighed  on  a  microbalance.  The  radioactivity  was  measured  on  a  Tracerlab  “64” 
scaler  with  an  end-window  or  Q-gas  counting  chamber. 
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IJrive 

6X10®  cts./niin. 


Extracted  Urine 

0.65X10® - 

cts.  min. 


159t  V  V  HCl  hydrolysis 
Benzene  extraction 
2X  NaOH  wash 


benzene 

Total  Neutral 
4.9  X 10®  cts.  min. 

Girard  T  separation 


Ketonic  Non-Ketonic 

4.76  X 10®  cts. /min.  0.43  X 10®  cts.,  min. 

Fig.  1.  Fractionation  of  guinea  pig  urine  following  the  administration  of  6  mg.  of 
Testosterone  (1.2X10®  cts./min. /mg.).  The  C'®  activity  in  the  various  fractions  is  ex¬ 
pressed  as  total  counts  per  minute. 

An  alcohol  extract  of  the  feces  collected  during  the  17-hour  period  con¬ 
tained  a  total  of  0.2  X 10*'  cts.  min.  and  was  not  studied  further. 

To  the  ketonic  fraction  there  was  added  2  mg.  of  epiandrosterone  and  4 
mg.  of  17^-hydroxyandrostan-3-one.  The  /3-ketonic  fraction  was  precipi¬ 
tated  with  digitonin  and  the  non-precipitable  fraction  was  treated  once 
more  with  digitonin. 

The  /3-ketonic  fractions  containing  the  epiandrosterone  were  combined 
and  chromatographed  on  a  paper  strip  in  the  ligroin-propylene  glycol  sys¬ 
tem  (Savard,  1953)  for  24  hours.  The  epiandrosterone  zone  was  visualized 
with  the  Zimmermann  reagent,  eluted  and  rechromatographed  in  the 
ligroin-propylene  glycol  system.  Propylene  glycol  was  removed  from  the 
eluted  zone  by  washing  an  ether  solution  with  water.  This  material  (0.35 
mg.)  had  a  specific  activity  of  108,000  cts. /min. /mg.  An  additional  35 
mg.  of  epiandrosterone  were  added  to  the  extract  and  recrystallized  from 
methanol  three  times  to  yield  25  mg.  of  epiandrosterone  (m.p.  176-178°). 
The  recrystallization  of  the  epiandrosterone  gave  a  constant  specific  activ¬ 
ity  (925,  988,  978  cts./mg.  min.)  (Table  1).  The  acetate  was  prepared  by 
heating  a  solution  of  the  steroid  in  pyridine  with  acetic  anhydride.  The 
acetate  melted  at  114-115°  and  had  a  specific  activity  of  778  cts. /min. /mg. 

The  a-ketonic  fraction  (containing  the  1 7/3-hydroxy androstan-3-one 
added  prior  to  digitonin  precipitation)  was  placed  on  a  paper  strip  in  a 


2N  NaOH 
.4cidi(r-Phenolic 
0  cts.  min. 
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Table  1.  The  specific  activity  obtained  in  isolated  urinary  steroids  with 

ADDED  CARRIER  FOLLOWING  THE  ADMINISTRATION  OF  TeSTOSTERONE-3-C’*‘ 
(1.2X10®  CTS./.M1N./MG.)  TO  A  MALE  GUINEA  PIG. 


! 

Carrier 

Specific 
i  activity 

followinR 
paper 
chroma¬ 
tography 
(c. /min.  mg.) 

Carrier 

Specific  activity 

Steroid 

1 

! 

added 

before 

added 
for  re- 

m.p. 

®C. 

Free 

Acetate 

Digitonin 

aeparation 

(me.) 

crystal¬ 

lization 

(mg.) 

ct8./min. 

,  Mmole 
XlOs 

cts. /min. 

,  Mmole 
XIO^ 

Kpiandrofiterone  I 

3a-Hydroxyetioeholan* 

2 

108,000 

35 

i 

176-8 

2.86 

2.60 

17-one 

17^-Hydroxyandro8tan- 

!  26 

140, 150-1 

2.74 

2.86 

3-one 

4 

1  64 ,0(X)* 

i  26 

1  180-2 

I  0.42 

0.02 

*  Sample  divided  into  2  equal  p  rtions  and  carrier  .3a-hydroxyetioeholan-17-one  and  17/3-hydroxyandro8tan-3-one 
added  to  each  respectively. 


ligroin-propylene  glycol  system  and  developed  for  24  hours.  The  major 
zone  Avas  demonstrated  with  the  Zimmermann  reagent,  cut  out,  eluted 
and  chromatographed  on  paper  once  again.  The  eluted  zone  was  then 
washed  free  of  propylene  glycol  and  dried.  The  total  fraction  (1.35  mg.) 
had  a  specific  activity  of  64,000  cts.  min  mg.  This  fraction  was  divided 
into  two  equal  portions.  To  one-half  was  added  26  mg.  of  17/3-hydrox3'- 
androstan-3-one  (m.p.  180-182°),  while  26  mg.  of  3a-hydroxyetiocholan 
-17-one  (m.p.  140,  150-151°)  were  added  to  the  second  portion.  The  3a- 
hydroxyetiocholan-17-one  (m.p.  140,  150-151°)  was  recrystallized  from 
ether-petroleum  ether  and  had  a  specific  activity  of  1270  cts.  min.,  mg. 
(Table  1).  The  3a-hydroxyetiocholan-17-one  maintained  a  constant  specific 
activity  on  further  recrystallizations  (934,  939  cts.,  min./ mg.)  and  the 
acetate  (m.p.  95-97°)  prepared  by  heating  the  free  steroid  with  acetic 
anhydride  in  the  presence  of  pyridine  had  a  specific  activity  of  855  cts. 
min.  mg.  The  17(3-hydroxyandrostan-3-one  (m.p.  180-182°)  was  crystal¬ 
lized  from  methanol  and  had  a  specific  activity  of  276  cts.  min.  mg.  Re¬ 
crystallization  decreased  the  specific  activity  to  144  cts.,  min.  mg.  and 
when  the  acetate  was  prepared,  recrystallization  reduced  the  specific  ac¬ 
tivity  to  22  cts.  min.  mg.  and  finally  to  5  cts. /min.,  mg. 

DISCUSSION 

3a-Hydroxyetiocholan-17-one  and  epiandrosterone  have  been  demon¬ 
strated  to  be  urinary  metabolites  of  testosterone-3-C“  in  the  guinea  pig. 
Following  the  addition  of  carrier  steroids  to  the  urinary  extract,  both  3a- 
hydroxyetiocholan-17-one  and  epiandrosterone  maintained  a  high  con¬ 
stant  specific  activity  after  purification  and  recrystallization  procedures. 
3a-Hydroxyetiocholan-17-one  and  17|3-hydroxyandrostan-3-one  have  the 
same  chromatographic  mobility  in  the  ligroin-propylene  glycol  system. 
This  is  also  true  for  their  acetates.  For  this  reason,  3a-hydroxyetiocholan- 
17-one  and  17/3-hydroxyandrostan-3-one  were  added  individually  as  car¬ 
riers  to  equal  portions  of  the  same  chromatographic  zone.  The  loss  of  radio¬ 
activity  in  the  isolated  17j3-hydroxyandrostan-3-one  during  the  process  of 
recrystallization  and  acetylation  indicated  that  it  could  have  been  present 
in  a  labeled  form  in  the  urine  in  only  minute  amounts,  if  at  all.  A  conver- 
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sion  of  testosterone-3-C‘^  to  this  metabolite  to  the  extent  of  0.03%  (I.87) 
would  have  been  detected  readily  in  this  experiment. 

It  was  not  possible  to  determine  the  extent  of  conversion  of  testosterone 
to  urinary  androsterone  in  this  experiment,  becau.se  of  the  experimental 
design.  A  similar  experiment  would  have  to  be  repeated  for  the  proper  eval¬ 
uation  of  other  possible  metabolites  added  as  carriers. 

The  recovery  of  84%  of  the  administered  in  the  total  urine  excreted 
in  17  hours  following  testosterone-3-C*^  administration  indicates  that  the 
major  excretory  route  of  this  steroid  is  via  the  kidney.  The  mou.se  and  rat, 
in  contrast,  excrete  a  larger  proportion  of  testosterone  metabolites  in  the 
feces  (Gallagher  et  al.,  1951;  Ashmore  et  al.,  1953). 

The  results  confirm  the  finding  of  Dorfman  and  Fish  (1940)  on  the  isola¬ 
tion  of  epiandrosterone  following  the  administration  of  testosterone  in  the 
guinea  pig.  Since  the  same  metabolite  was  found  in  the  human  male  (Dorf¬ 
man,  1941)  after  testosterone  administration,  it  would  appear  that  a  quan¬ 
titative  rather  than  qualitative  difference  is  to  be  found  in  the  excretion 
pattern  of  testosterone  metabolites  in  the  male  guinea  pig  and  human. 

SUMMARY 

1 .  Te.stosterone-3-C“  was  administered  intraperitoneally  to  a  male  guinea 
pig.  The  radioactivity  recovered  in  the  crude  urinary  extract  amounted  to 
83%  of  the  injected  dose. 

2.  By  use  of  the  carrier  technique  it  has  been  demonstrated  that  3a- 
hydroxyetiocholan-17-one  and  epiandrosterone  are  metabolites  of  testos¬ 
terone  in  the  guinea  pig. 

3.  17/3-Hydroxyandrostan-3-one  was  added  as  carrier  and  could  not  be 
demonstrated  to  be  a  urinary  metabolite  of  testosterone. 
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THE  ENDOCRINE  GLANDS  IN  HYPOPHYSECTOMIZED 
PREGNANT  RHESUS  MONKEYS  (MACACA  MULATTA) 
WITH  SPECIAL  REFERENCE  TO  THE 
ADRENAL  GLANDS^ 

PHILIP  E.  SMITH 

Department  of  Anatomy,  College  of  Physicians  and  Surgeons,  Columbia  I'nirersity, 

New  York 

IN  CONTRAST  to  the  extensive  literature  on  the  adrenal  glands  of  in¬ 
tact  pregnant  monkeys  the  writer  has  found  only  two  reports  on  these 
glands  in  animals  hypophj^sectomized  during  pregnancy.  Gardner  and 
Allen  (1942)  reported  that  in  mice  hypophysectomized  on  the  tenth  day 
after  copulation  and  killed  on  the  twenty-first  day,  the  adrenals  were  re¬ 
duced  in  weight  (average  3.8  mg.)  as  compared  to  intact  pregnant  controls 
(average  6.9  mg.).  The  cortex  was  atrophic  and  its  component  cells  were 
decreased  in  size  and  number.  The  cortex  regressed  as  rapidly  after  hy- 
pophysectomy  in  the  pregnant  as  in  the  nonpregnant  mice.  Greer  (1949) 
found  very  little  difference  in  adrenal  weights  among  pregnant  intact,  preg¬ 
nant  hypophysectomized  and  nonpregnant  rats  hypophysectomized  for 
the  same  period  as  the  pregnant  group.  All  animals  were  fed  thiouracil 
for  the  last  nine  days  of  the  experiment.  The  results  are  rather  surprising. 
Greer  suggested  that  the  failure  of  the  intact  animals  to  have  heavier 
adrenals  than  those  which  were  hypophysectomized  may  have  been  due  to 
the  feeding  of  thiouracil  which  as  shown  by  Deane  and  Greep  (1947) 
causes  a  reduction  in  adrenal  weight.  In  both  the  hypophysectomized 
groups  the  fasciculata  was  narrower  than  in  the  intact  animals  and  a  lipo- 
phobic  zone  was  present  beneath  the  glomerulosa. 

Reviews  of  the  extensive  literature  on  the  adrenals  of  pregnant  intact 
animals  are  in  disagreement.  Anderson  and  Kennedy  (1933)  pointed  out 
that  the  changes  described  in  the  literature  varied  not  only  in  different 
species  but  in  the  same  species  as  described  by  different  investigators.  They 
concluded  that  the  evidence  was  against  hypertrophy  of  the  adrenals 
during  pregnancy  in  rats,  mice,  rabbits,  and  cats.  They  further  stated  that 
notwithstanding  the  limitations  of  work  on  postpartum  material,  the  evi¬ 
dence  was  against  the  hypertrophy  of  the  adrenals  during  pregnancy  in 
women.  They  reported  that  in  their  series  the  absolute  weight  of  the  adren¬ 
als  in  pregant  rats  was  the  same  as  in  nonpregnant  ones  in  diestrus  and 

Received  for  publication  August  20,  1954. 
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less  than  it  was  during  estrus.  During  lactation  there  was  a  significant  in¬ 
crease.  Tepperman,  Engle  and  Long  (1943)  in  a  review  stated  that  all  studies 
showed  that  in  late  pregnancy,  and  especially  in  the  puerperium,  there  was 
a  striking  increase  in  adrenal  size  in  rats,  guinea  pigs  and  rabbits.  Staemm- 
ler  (1953)  reviewed  the  literature  on  the  size  of  the  adrenals  during  preg¬ 
nancy  in  man  and  concluded  that  the  evidence  showed  an  hypertrophy  of 
the  cortex,  especially  of  the  fasciculata,  during  pregnancy  followed  by 
involution  during  the  puerperium. 

Since  the  review  by  Anderson  and  Kennedy  (1933)  a  number  of  papers 
on  changes  of  the  adrenals  during  pregnancy  have  appeared.  Guthmann 
and  Voelcker  (1933)  measured,  at  intervals,  .serial  sections  of  adrenals  of 
pregnant  and  nonpregnant  mice.  They  found  that  in  pregnancy  there  was 
an  11.8%  increase  in  the  volume  of  the  medulla  and  a  2%  increase  in  the 
cortex.  During  pregnancy  the  lipoids  increased,  the  fasciculata  broadened 
and  the  reticularis  disappeared  as  a  distinguishable  zone.  Structural 
changes  were  reported  to  differ  among  dogs,  cats,  guinea  pigs,  rats  and 
man.  Kulka  (1934)  gave  no  adrenal  weights  or  measurements  but  reported 
a  broadening  of  the  fasciculata  and  reticularis  during  pregnancy  in  guinea 
pigs  and  mice  and  only  little  change  in  rabbits  and  rats.  Anderson  and 
Sperry  (1937)  did  not  comment  on  the  weight  of  the  adrenals  or  ratio  to 
body  weight.  Their  tables  show,  however,  a  significant  increase  during 
pregnancy  (18th  day)  over  nonpregnant  rats  in  estrus  and  diestrus.  The 
weights  further  increased  during  parturition  and  decreased  during  lacta¬ 
tion  (21st-22nd  day).  Caussade  (1938)  stated  that  the  glomerulosa  hyper¬ 
trophied  during  pregnancy  in  dogs.  Randall  and  Gaubard  (1940)  reported 
that  in  rabbits  there  was  an  increase  in  adrenal  weight  by  the  sixth  day  of 
pregnancy  and  a  marked  increase  by  the  ninth  to  the  twenty-eighth  day. 
Sleeth  and  Van  Liere  (1939)  found  that  in  guinea  pigs,  pregnant  for  seven 
or  more  weeks  (gestation  period  nine  weeks),  there  was  no  significant 
change  in  the  adrenal  weight-body  weight  ratio  but  there  was  a  significant 
increase  (34.2%)  at  seventy-two  hours  postpartum.  Hewitt  and  Van  Liere 
(1941)  stated  that  in  guinea  pigs  in  late  pregnancy  (the  stage  of  pregnancy 
being  determined  by  inspection,  palpation  and  body  weight)  there  was  a 
marked  increase  in  the  adrenal  weight-body  weight  ratio  (48%)  and  at 
eight  hours  postpartum  (58%). 

In  a  previous  paper  (Smith,  1954)  it  has  been  reported  that  in  rhesus 
monkeys,  hypophysectomized  at  various  periods  during  pregnancy,  one 
half  went  to  term,  the  others  aborting  at  different  times  after  operation. 
The  weights  and  structure  of  the  adrenal  glands  of  these  animals  and  of 
nonpregnant  hypophysectomized,  of  pregnant  intact,  and  of  nonpregnant 
intact  animals  are  reported  in  this  paper. 

EXPERIMENTAL  PROCEDURE 

The  mating,  operative  technique  and  care  of  the  monkeys  reported  here  have  been 
described  (Smith,  1954).  At  autopsy  the  adrenal  glands,  thyroids  and  ovaries  were  care- 
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fully  trimmed  and  weighed.  The  left  adrenal  was  usually  fixed  in  formol-Zenker  although 
Bouin’s  fluid  was  used  in  some  cases.  The  left  adrenal  is  more  flattened  than  the  right 
and  therefore  could  be  sectioned  with  accuracy  in  a  plane  transverse  to  its  surface.  It 
was  used  for  staining  with  hematoxylin  and  eosin,  and  with  trichrome.  The  right  adrenal 
was  fixed  in  formalin  and  was  used  for  frozen  sections. 

Absolute  weights  of  the  adrenal  glands  and  not  an  adrenal  weight-body  weight  ratio 
are  used.  This  is  because  of  the  great  variation  in  the  amount  of  fat  in  different  animals 
due  to  differences  in  age,  appetite  and  other  factors.  Monke3’s  as  well  as  human  beings 
varj’  greatlj’  in  the  amount  of  bodj'  fat  present.  Even  in  rats  in  which  animals  of  similar 
ages  can  be  used,  a  bodj'  surface  area — adrenal  weight  ratio  has  lieen  used  (T\’slowitz 
and  Astwood,  1942;  Tyslowitz,  1943). 

The  data  from  fortj'-one  rhesus  monkeys  are  reported  in  this  paper.  These  comprise: 
ten  animals  which  were  hvpophv’sectomized  at  various  stages  of  gestation  and  from 
which  fully  developed  fetuses  were  secured  either  by  normal  delivery  or  caesarean  sec¬ 
tion  at  the  termination  of  gestation  periods  of  normal  length;  thirteen  nonpregnant 
females  which  were  autopsied  after  various  postoi)erative  intervals,  three  intact  preg¬ 
nant  monkeys  and  six  intact  nonpregnant  females.  Data  are  given  also  from  nine  ani¬ 
mals  which  aborted  after  hypophysectom\’.  Further  data  about  most  of  these  animals 
are  given  elsewhere  (Smith  1954). 

In  the  animals  reported  as  hj’pophj’sectomized  all  the  checks  of  which  the  writer  is 
capable  of  devising  have  been  made  to  assure  that  no  fragment  of  the  intrasellar  com¬ 
ponents  of  the  hj'poph\\sis  was  present.  These  compri.se  a  clear  view  of  the  evacuate  ! 
sella  at  operation  and  the  sponging  of  its  walls  with  3-59c  chromic  acid.  At  autopsy 
the  pituitar\’  capsule  after  fixation  in  situ  was  removed  with  adjacent  parts  of  the  cavern¬ 
ous  sinuses,  embedded,  seriall.v  sectioned  and  stained  with  Masson’s  trichrome.  If  any 
fragment  of  i)ituitar\'  tissue  was  found  when  the  sections  were  examined  the  animal  was 
discarded. 


RESULTS 

Adrenal  Weights.  A  compari.son  of  Table  1  with  Table  2  reveals  a  great 
difference  between  the  adrenal  weights  of  the  hypophysectomized  preg¬ 
nant  and  the  hypophysectomized  nonpregnant  females.  The  average 
weight  of  the  adrenals  of  the  pregnant  monkeys  is  more  than  double  that 
of  the  nonpregnant  ones,  the  posthypophysectomy  periods  of  the  two 
groups  being  comparable.  There  is  no  overlapping  of  the  weights  between 
the  groups.  It  is  obvious  that  the  pregnant  state  had  a  profound  inhibit¬ 
ing  effect  on  the  regression  of  adrenals  following  hypophysectomy. 

Table  1  also  shows  that  the  length  of  the  posthypophysectomy  period  in 
the  pregnant  monkeys  which  went  to  term  did  not  influence  the  weight  of 
the  adrenals.  Also,  the  time  during  gestation  at  which  the  hypophysis 
was  removed  did  not  influence  the  adrenal  weights  in  the  animals  in  which 
pregnancy  continued.  This  is  surprising  for  it  would  be  expected  that  the 
adrenal  hypertrophy  which  apparently  occurs  late  in  pregnancy  {vide 
infra)  would  affect  the  weight  after  hypophysectomy.  The  unusually 
heavy  adrenals  of  animal  J  (Table  1)  may  be  due  to  the  advanced  stage  of 
pregnancy  at  operation  but  the  writer  is  inclined  to  attribute  it  to  the  long 
gestation  period  which  exceeded  the  limits  given  by  Hartman  (1932)  and 
van  Wagenen  and  Newton  (1943). 

The  adrenal  weights  of  the  animals  which  were  hypophysectomized 
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Table  1.  Adrenal  weights  of  hypophysectomized  monkeys 

W  HICH  WENT  TO  TERM 


Animal 

! 

Days 
preg.  at 
hypx. 

1 

Parturi¬ 

tion 

days 

after 

hypx. 

Autopsy  j 

Adrenals,  mg. 

Weight,* 

gm. 

Days 

after 

partur. 

Left 

Right  j 

Total 

A 

32 

1  131  I 

5080 

0 

313 

297 

610 

B 

50 

130  1 

5772 

1 

338  . 

262 

601 

C 

74 

85 

5970 

0 

242 

498» 

740 

D 

78 

90 

5110 

1 

278 

241 

519 

E 

102 

59 

5930 

1 

591 

397 

988 

F 

106 

73 

5107 

0 

271 

240 

511 

G 

141 

35 

9200 

5 

349 

345 

694 

H 

142 

32 

5350 

3 

336 

276 

612 

I 

152 

20 

4800 

28 

246 

234 

480 

156 

35 

6400 

1  1 

585 

522 

1107 

1 

i 

Av.  659‘ 

*  The  weights  entered  here  will  differ  from  the  preparturition  weights  given  in  table  1, 
Smith  (’54).  In  immediate  autopsies  the  weights  of  the  fetus  and  placenta  have  been  deducted 
from  the  preparturition  weight.  In  postponed  autopsies  the  actual  weight  of  the  animal  at 
autopsy  is  entered. 

*  The  right  adrenal  contained  a  hemorrhagic  cyst. 

*  A  recently  living  baby  was  delivered  by  caesarian  section  on  day  191  of  pregnancy. 
This  is  the  only  case  in  which  gestation  extended  beyond  the  normal  range  given  by  Hart¬ 
man  (’32)  and  van  Wagenen  and  Newton  (’43). 

*  This  does  not  include  animal  I  in  which  a  28-day  postpartum  period  undoubtedly  re¬ 
sulted  in  considerable  involution  or  animal  J  which  had  an  abnormally  long  gestation  period. 


during  pregnancy  and  which  went  to  term  (Table  1)  are  similar  to  the 
intact  nonpregnant  females  (Table  4).  Judging  from  weight  alone,  the  state 
of  pregnancy  seems  to  have  maintained  without  increment  the  prehypo- 
physectomy  adrenal  weight. 


Table  2.  Adrenal  weights  of  nonpregnant  (female)  monkeys  autopsied 

AT  VARIOUS  PERIODS  AFTER  HYPOPHYSECTOMY 


Animal  j 

No.  days  j 

Weight, 

Adrenals,  mg. 

hypx. 

gm.  j 

Left  1 

Right  1 

Total 

A  A 

21 

4350 

193  ! 

168 

361 

BB 

37 

4160 

210 

153 

363 

CC 

38  S 

3900 

199 

188 

387 

DD 

47 

3850 

198 

180 

378 

EE 

i 

3900 

181 

144 

325 

FF 

64 

4500 

170 

141 

311 

FG 

’  67 

4200 

136 

109 

245 

GG 

1  103 

3700 

205 

172 

377 

A'* 

1  135 

7600 

197 

166 

363 

HH 

179 

5000 

143 

105 

248 

II 

1  205 

4500 

i  149 

116 

264 

JJ 

590 

4750 

1  127 

107 

234 

KK 

617 

j  4950 

128 

i 

i  101 

229 

Av.  345* 

*  This  animal  is  also  listed  in  table  5  as  having  aborted.  Since  it  had  not  been  pregnant 
for  a  sufficient  length  of  time  (27  days)  for  the  adrenals  to  hypertrophy  it  seems  justifiable 
to  include  it  in  this  table. 

*  Monkeys  HH,  II,  JJ  and  KK  are  not  included  in  the  average  because  their  posthy- 
pophysectomy  periods  are  much  longer  than  those  given  in  table  1. 
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Table  3.  Adrenal  weights  of  intact  pregnant  monkeys' 


Animal 

Weight, 

gm. 

Days 

preg. 

Adrenals,  mg. 

Left 

Right 

Total 

R 

5100 

■■Rinill 

748 

563 

1311 

U 

5200 

512 

390 

902 

T 

8300 

433 

372 

805 

Ave.  1006 

'  It  is  not  strictly  correct  to  designate  monkeys  R  and  S  as  intact.  Animal  R  was  hypophy- 
sectomized  on  day  101  of  gestation  and  aborted  4  days  later.  Animal  U  was  hypophysecto- 
mized  on  day  142  of  gestation  and  aborted  10  days  later.  Since  these  posthypophysectomy 
periods  are  too  brief  for  much  involution  of  the  adrenals  to  have  occurred  it  seems  justifi¬ 
able  to  include  them  in  this  table.  Animal  T  gave  birth  to  a  stillborn  infant  on  day  157  and 
was  autopsied  immediately. 

Although  data  are  available  from  only  three  pregnant  intact  monkeys 
(Table  3,  see  also  footnote  to  Table  3)  their  adrenal  weights  exceed  in 
every  case  those  of  the  nonpregnant  intact  animals  as  well  as  those  which 
were  hypophysectomized  during  pregnancy  and  from  which  babies  were 
secured  after  a  gestation  period  of  normal  length.  They  do  not  exceed  the 
adrenal  weights  of  the  pituitaryless  animal  (J)  with  a  gestation  period 
longer  than  the  normal  range.  It  seems  probable  from  the  very  limited 
data  from  pregnant  intact  monkeys  that  the  adrenals  hypertrophy  during 
pregnancy  in  monkeys.  It  will  be  difficult  to  secure  data  adequate  to  def¬ 
initely  determine  this  for  investigators  are  reluctant  to  sacrifice  healthy 
pregnant  monkeys  in  order  to  obtain  their  adrenal  glands. 

In  Table  5  a  comparison  of  adrenal  weights  is  made  between  some  of  the 
pregnant  hypophysectomized  monkeys  which  went  to  term  and  some  of 
those  which  aborted.  Data  from  these  particular  animals  are  given  because 
the  stage  of  gestation  at  which  the  pituitary  gland  was  ablated,  and  the 
posthypophysectomy  period  are  sufficiently  similar  to  permit  comparisons 
between  individuals  of  the  two  groups.  Animals  A  and  B  for  instance  can 
be  compared  with  K  and  M.  All  four  were  hypophysectomized  early  in 
pregnancy  and  the  periods  between  removal  of  the  pituitarj'  and  autopsy 
are  almost  identical.  The  adrenals  of  the  two  which  aborted  weighed  about 
half  that  of  the  two  which  went  to  term.  Similar  but  less  exact  comparisons 


Table  4.  Adrenal  weights  of  intact  nonpregnant  female  .monkey.s 


Animal 

Weight 

Adrenals,  mg. 

I.eft 

Right 

Total 

LL 

275 

254 

529 

MM 

315 

218 

533 

NN 

378 

314 

693 

00 

395 

326 

721 

PP 

310 

230 

540 

QQ 

6000 

255 

213 

468 

Av.  581 
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Table  5.  The  adrenal  weights  of  hypophysectomized  monkeys  which  went  to  term 
AND  WERE  AUTOPSIED  IMMEDIATELY  AFTER  PARTURITION  COMPARED  WITH  THOSE  WHICH 
ABORTED  AND  WERE  AUTOPSIED  AFTER  AN  EXTENDED  PERIOD.  ThE  PERIOD  OF  POSTHYPOPHY- 
SECTOMY  BETWEEN  INDIVIDUALS  OF  THE  TWO  GROUPS  IS  SIMILAR 


Did  not  abort 

.\borted 

Days  j 

Days 

.\drenals,  j 
mg. 

Days 

Days  • 

Days  1 

.\dreiials, 

mg. 

1 

.\nimal  j 

preg.  j 
at  1 

hypx. 

hypx.  1 
and 

autopsy 

Animal  j 

1  i 

preg. 

at 

hypx. 

preg. 

,at 

abort. 

hypx. 

and 

autopsy 

.4 

1  32 

131 

610 

1  K 

i  27 

1  .32' 

!  135 

1  .361 

B 

1  50 

1  130 

1  601 

1 

i  32 

1  83 

,  135 

1  264 

C 

1  74 

,  85 

740 

1  0 

1  39 

i  44 

1  87 

1  254 

I) 

'  78 

'  00 

519 

Q 

66 

1 

100 

322 

*  No  abortus  was  found.  The  time  of  abortion  is  estimated  from  palpation  of  the  uteru 
and  ths  loss  of  sex  color. 


can  be  made  between  the  other  animaLs  of  eacli  group.  It  is  evident  that  a 
profound  regression  in  adrenal  weight  occurred  after  abortion  whereas 
adrenal  weight  was  maintained  in  those  in  which  pregnancy  continued. 

Comparison  can  also  be  made  (Table  6)  between  the  hypophy.sectomized 
pregnant  monkeys  which  aborted  and  were  autopsied  immediately  or  very 
soon  (0-5  days)  and  those  which  aborted  and  were  autopsied  after  an  ex¬ 
tended  postabortion  period  (82-100  days).  The  adrenal  weights  of  those 
which  were  autopsied  immediately  after  abortion  are  within  the  range  of 
the  intact  nonpregnant  females  and  are  nearly  twice  those  in  which  autopsy 
was  postponed.  This  was  true  regardless  of  the  stage  of  gestation  at  which 
the  hypophysis  was  removed  or  the  posthypophysectomy  period  at  which 
abortion  occurred.  The  difference  in  weight  is  very  striking  in  the  two  ani¬ 
mals  which  aborted  after  being  hypophysectomized  late  in  pregnancy  (ani¬ 
mals  S  and  U).  The  width  and  structure  of  the  cortex  of  these  animals  is 
illustrated  in  Figures  11-14. 

Structure  of  the  Adrenal  Glands.  Structurally  the  adrenal  cortex  of  non- 

Ali  figures  XIOO.  Sections  stained  with  Harris’  lieniatoxylin  and  eosin. 

Fig.  1.  Cortex  of  left  adrenal  of  a  normal  nonpregnant  female  rhesus  monkey  (ani¬ 
mal  00). 

Fig.  2.  Cortex  of  left  adrenal  of  a  monkey  hypophysectomized  on  the  32nd  day  of 
inegnancy  (animal  4).  A  healthy  baby  was  born  on  day  163 — a  posthyjiophysectomy 
period  of  131  days.  Autopsied  immediately  after  parturition. 

Fig.  3.  Cortex  of  left  adrenal  of  a  monkey  (L)  hypophysectomized  on  the  29th  day 
of  pregnanej".  Aborted  58  days  later — the  87th  day  of  gestation.  Immediate  autopsy. 

Fig.  4.  Cortex  of  left  adrenal  of  a  monkey  hypophysectomized  on  the  66th  day  of 
pregnancy  (animal  Q).  Aborted  on  day  73  of  pregnane}'.  Autopsied  93  days  after  abor¬ 
tion — a  period  of  166  days  between  conception  and  autopsy. 

Fig.  5.  Cortex  of  left  adrenal  of  an  animal  {K)  hypophysectomized  on  day  27  of 
pregnancy.  Aborted  on  day  32.  Autopsied  130  days  after  abortion — a  period  of  162 
days  between  conception  and  autopsy. 
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Table  6.  Adrenal  weights  of  monkeys  which  aborted  after  hypophysec- 

TOMY  AND  WHICH  WERE  AUTOPSIED  SOON  AS  COMPARED  TO  THOSE  IN 
WHICH  AVTOPSY  WAS  POSTPONED  FOR  AN  EXTENDED  PERIOD 


.\nimal 

Days 
preg.  at 
hypx. 

Abortion ; 
day  of 
preg. 

Days  between 
abort,  and 
autop. 

Adrenals, 

mg. 

N 

33 

56 

0 

556 

L 

29 

87 

0 

476 

F 

56 

95 

5  . 

487 

R 

101 

105 

4 

1311 

U 

142 

152 

0 

902 

Av.  647 

0 

;  39 

441 

82 

254 

M 

51 

83 

84 

264 

Q 

S 

66 

73 

100 

322 

!  156 

i 

1 

1 

160 

/  / 

1 

381 

Av.  305 

'  No  abortus  was  found  but  the  approximate  time  of  abortion  was  estimated  from  palpa¬ 
tion  of  the  uterus  and  eolor  of  the  sex  skin. 


pregnant  monkeys  following  hypophysectomy  undergoes  the  involutionary 
changes  which  characteristically  occur  in  all  forms  thus  far  reported.  As  in 
the  case  of  the  testes  (Smith,  1944)  the  involution  occurs  at  a  slower  rate 
than  in  rats.  The  continuance  of  involution  with  increased  posthypophy- 
sectomy  periods  is  illustrated  in  Figures  5  and  10  in  which  it  is  evident  that 
the  cortex  after  a  posthypophysectomy  period  of  618  days  is  more  atrophic 
than  after  130  days.  This  is  reflected  in  the  adrenal  weights  (Table  2)  al¬ 
though  to  a  much  less  degree  because  the  weights  include  the  medulla  as 
well  as  the  cortex. 

The  maintenance  of  the  adrenals  after  hypophysectomy  by  the  pregnant 
state  is  shown  both  by  the  width  and  the  structure  of  the  cortex  (compare 
Figs.  2  and  7  with  1  and  6).  Although  there  is  considerable  variation  in  the 
cortex  of  the  adrenals  among  the  animals  completing  gestation  after  hypo¬ 
physectomy,  and  even  in  the  different  parts  of  the  cortex  of  a  single  adren¬ 
al,  the  most  commonly  occurring  deviation  from  the  normal  is  a  reduced 
amount  of  lipoid  in  the  subglomerular  zone  (Fig.  7).  In  this  zone,  and  fre¬ 
quently  deeper  in  the  fasciculata,  also,  vaculated  cells  are  less  numerous 


All  figures  X 100. 

Fig.  6.  Cortex  of  right  adrenal  of  a  normal  nonpregnant  monkey,  (00).  Oil  red 
O  stain. 

Fig.  7.  Cortex  of  right  adrenal  of  monkey  A.  See  legend  of  figure  2.  Oil  red  O  stain. 

Fig.  8.  Cortex  of  right  adrenal  of  monkey  L.  See  legend  of  figure  3.  Oil  red  O  stain. 

Fig.  9.  Cortex  of  right  adrenal  of  monkey  Q.  See  legend  of  figure  4.  Oil  red  0  stain. 

Fig.  10.  Cortex  of  left  adrenal  of  monkey  KK.  Hypophysectomized  for  617  days. 

Hematoxylin  and  eosin. 


l^^v 

K*  *7”^ 

280 


SMITH 


Volume  o6 


than  in  normal  animals.  The  nuclei  are  closely  approximated  to  each  other 
and  may  form  a  dense  zone  in  parts  of  the  cortex  (Fig.  2).  The  structure  is 
much  more  normal,  however,  than  in  nonpregnant  animals  hypophysec- 
tomized  for  corresponding  periods. 

The  maintenance  of  the  adrenal  cortex  after  hypophysectomy  by  the 
pregnant  state  is  strikingly  shown  by  comparing  animals  in  which  preg¬ 
nancy  went  to  term  with  those  which  aborted  and  were  autopsied  after  a 
period  comparable  to  a  normal  gestation  period.  Figures  2  and  7  illustrate 
the  cortex  of  animal  (A)  which  was  hypophysectomized  on  the  thirty-sec¬ 
ond  day  of  pregnancy  and  which  gave  birth  to  a  healthy  baby  131  days 
later,  the  gestation  period  thus  being  163  days.  Figure  5  illustrates  the 
cortex  of  an  animal  hypophysectomized  on  day  twenty-seven  of  pregnancy. 
It  was  estimated  to  have  aborted  5  days  later  and  was  autopsied  130  days 
after  abortion,  thus  giving  a  162-day  period  between  conception  and  autop¬ 
sy.  The  histories  of  the  two  animals  are  almost  identical  except  that  one 
went  to  term  and  the  other  aborted  soon  after  the  pituitary  gland  was 
removed.  The  fasciculata  and  reticularis  are  greatly  reduced  in  the  animal 
which  aborted.  Lipoid-containing  cells  are  small  and  reduced  in  number. 
The  glomerulosa  is  well  maintained,  however,  and  is  about  the  same  width 
as  in  a  normal  animal  (Fig.  1).  Figures  4  and  9  illustrate  the  cortex  of  an 
animal  (Q)  similar  to  the  one  just  described  except  that  the  hypophysis 
was  ablated  later  in  pregnancy  (the  66th  day).  It  aborted  7  days  after  oper¬ 
ation  and  was  autopsied  93  days  after  abortion,  the  period  between  concep¬ 
tion  and  autopsy  thus  being  166  days.  The  fasciculata  and  reticularis  are 
indistinguishable  from  each  other  and  there  is  a  broad  subglomerular  zone 
of  scanty  lipoid.  There  is  thus  a  pronounced  structural  as  well  as  a  weight 
difference  in  the  adrenal  cortex  between  animals  hypophysectomized  for 
similar  periods  of  time;  in  one  type  pregnancy  continuing  to  term,  and  in 
the  other  abortion  occurring  after  the  hypophysis  was  removed. 

Examination  of  the  adrenals  of  animals  which  aborted  either  soon  or 
after  a  considerable  period  of  time  following  hypophysectomy  and  which 
were  autopsied  immediately  after  abortion  (Table  6)  reveals  that  the  cor¬ 
tex  deviates,  structurally,  but  little  from  the  normal  (Figs.  3,  8).  The  sub¬ 
glomerular  sudanophobic  zone,  as  in  animals  in  which  pregnancy  con¬ 
tinued,  is  broader  than  normal.  Involution  of  the  cortex  is  not  evident. 
Abortion  obviously  was  not  due  to  atrophy  of  the  adrenal  cortex.  If,  after 


Fig.  11.  Cortex  of  left  adrenal  of  monkey  U.  Hypophysectomized  on  the  142nd  day 
of  pregnancy.  Stillbirth  on  day  152.  Immediate  autopsy.  Hematoxylin  and  eosin.  XI 10. 
Fig.  12.  Cortex  of  right  adrenal  of  above  animal  {U).  Oil  red  0.  XI 10. 

Fig.  13.  Cortex  of  left  adrenal  of  monkey  S.  Hypophysectomized  on  day  156  of 
pregnancy.  Stillbirth  on  day  160.  Autopsied  77  days  later.  Hematoxylin  and  eosin.  X 1 10. 
Fig.  14.  Cortex  of  right  adrenal  of  above  animal  (S),  Oil  red  0.  XI 10. 
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abortion,  the  animal  was  allowed  to  live  for  an  extended  period,  however, 
(Table  6)  the  cortex  became  profoundly  atrophied  (Figures  4,  9).  The  im¬ 
pression  is  gained  that  involution  of  the  cortex  occurs  more  rapidly  than  in 
animals  which  were  not  pregnant  at  the  time  of  hypophysectomy. 

The  enlargement  of  the  adrenal  cortex  in  late  pregnancy  in  intact  ani¬ 
mals  is  more  strikingly  shown  in  sections  than  by  the  total  weight  of  the 
glands.  Figures  11  and  12  illustrate  the  characteristic  structure  of  the  three 
animals  killed  in  late  pregnancy.  The  fascicularis  is  especially  well  devel¬ 
oped  and  the  glomerulosa  is  broader,  also  than  in  nonpregnant  intact  ani¬ 
mals. 


THE  THYROID 

The  continuation  of  pregnancy  after  hypophysectomy  did  not  prevent 
the  involution  of  the  thyroid.  The  thyroid  epithelium  of  the  pituitaryless 
animals  which  had  babies  was  as  flattened  as  in  nonpregnant  animals  with 
corresponding  posthypophysectomy  periods.  This  finding  is  in  accord  with 
the  results  reported  by  Greer  (1949)  in  rats. 

DISCUSSION 

It  seems  clear  from  the  evidence  presented  in  this  paper  that  pregnancy 
inhibits  the  involution  of  the  adrenal  cortex  after  hypophysectomy  in 
rhesus  monkeys  for  hypophysectomized  animals  which  went  to  term  had 
adrenal  weights  equal  to  those  of  normal  intact  females.  If  autopsy  after 
parturition  was  postponed,  the  adrenal  weight  decreased  to  that  of  a  non¬ 
pregnant  pituitaryless  monkey.  Those  animals  which  aborted  either  soon 
or  after  a  considerable  posthypophysectomy  period  and  which  were  autop- 
sied  immediately  after  abortion  had  adrenals  of  normal  weight  whereas 
if  autopsy  was  postponed  for  some  time  after  abortion  the  adrenal  weights 
were  much  below  normal.  Although  there  is  a  maintenance  of  weight  by 
the  pregnant  state  after  hypophysectomy,  the  glands  apparently  do  not 
become  as  large  as  in  intact  pregnant  monkeys. 

Structurally  the  cortex  was  not  entirely  normal  in  the  animals  in  which 
gestation  continued  after  ablation  of  the  pituitary  gland.  Although  the 
cortex  was  of  normal  width,  the  lipoid  in  the  fasciculata  was  not  as  abun¬ 
dant  as  in  intact  females  and  the  subglomerular  zone  of  scanty  lipoid  aws 
wider.  However,  the  structure  was  more  normal  than  in  nonpregnant  ani¬ 
mals  suffering  from  an  equal  period  of  pituitary  deprivation. 

Although  data  from  only  three  intact  pregnant  animals  are  available  it 
seems  clear  that  an  hypertrophy  of  the  cortex  occurs  at  least  in  the  later 
stages  of  pregnancy. 

The  fact  that  the  adrenal  cortex  following  hypophysectomy  during 
gestation  did  not  undergo  the  involution  that  invariably  occurs  in  nonpreg¬ 
nant  monkeys,  shows  there  is  a  source  of  adrenocorticotrophic  hormone 
during  pregnancy  other  than  from  the  maternal  hypophysis.  This  source 
could  conceivably  be  the  hypophysis  of  the  fetus,  the  placenta  or  both. 
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The  experiment  of  Wells  (1948),  Kitchell  and  Wells  (1952a,  1952b  and 
earlier)  in  fetal  rats,  Jost  (1948,  1953)  in  rabbits  and  Renaud  (1950)  in 
mice,  show  that  late  in  fetal  life  the  hypophysis  of  the  fetus  secretes  a 
corticotrophic  hormone.  Since  in  their  experiments  the  elimination  of 
fetal  hypophyseal  secretion  resulted  in  a  failure  of  the  fetal  adrenals  to 
develop  normally  it  is  clear  that  ACTH  from  the  mother  did  not  pass 
through  the  placenta  in  the  species  used.  The  work  of  Jones,  Lloyd  and 
Wyatt  (1953)  also  led  them  to  conclude  that  ACTH,  except  when  given  in 
massive  dosages,  does  not  pass  from  mother  to  fetus. 

Although  there  is  no  direct  evidence,  known  to  the  writer,  showing  that 
ACTH  of  fetal  origin  does  not  pass  to  the  mother,  the  fact  that  the  placenta 
acts  as  a  barrier  in  one  direction  supplies  some  presumptive  evidence  that 
it  also  acts  as  a  barrier  in  the  other  direction,  namely,  from  the  fetus  to  the 
mother.  The  late  maturation  of  the  hypophyseal-adrenal  axis  (Jailer, 
1950;  White  and  Sutton,  1950;  Jailer,  Wong  and  Engle,  1951)  also  makes 
it  improbable  that  the  fetus  supplies  ACTH  to  the  mother. 

Thus  it  seems  probable  that  some  source  other  than  the  fetus  supplied 
the  adrenocorticotrophic  hormone  which  maintained  the  adrenal  cortex  of 
the  hypophysectomized  pregnant  rhesus  monkeys.  It  also  seems  probable 
that  the  source  of  this  hormone  is  the  placenta.  The  presence  of  ACTH 
in  human  placentae  has  been  shown  by  several  different  tests.  With  ex¬ 
tracts  of  this  organ  Jailer  and  Knowlton  (1950)  reported  a  drop  in  ascorbic 
acid  in  the  adrenals  of  newborn  rats.  Agate  and  Smith  with  hypophysec¬ 
tomized  rats  found  that  the  injection  of  placental  extracts  caused  a  deple¬ 
tion  of  the  ascorbic  acid  of  the  adrenals  (see  Jailer  and  Knowlton,  1950). 
Opsahl  and  Long  (1951)  secured  positive  results  with  the  hyaluronidase 
inhibiting,  the  ascorbic  acid  depletion  and  the  eosinophil  tests.  Tarantino 
(1951)  using  the  ascorbic  acid  depletion  and  the  eosinophil  tests  found 
ACTH  in  bovine  as  well  as  in  human  placentae.  Sulman  and  Bergmann 
(1953)  reported  that  placental  extracts  caused  an  expansion  of  melano- 
phores  in  tree  frogs.  Because  this  factor  had  been  reported  to  be  present 
with  the  usual  tests  in  other  extracts  they  concluded  that  ACTH  was  pres¬ 
ent  in  their  placental  extracts.  From  the  similarity  of  the  placentae  of 
rhesus  monkeys  to  those  of  man  it  seems  justifiable  to  postulate  that  the 
placental  secretion  of  ACTH  kept  the  adrenals  from  regressing  after  hypo- 
physectomy  in  the  experiment  reported  here.  It  seems  clear  from  the 
findings  reported  here,  and  by  others,  that  the  placenta  does  not  secrete  a 
thyrotrophic  hormone. 

SUMMARY 

Findings  are  reported  on  the  weights  of  the  adrenal  glands  and  the 
structure  of  the  adrenal  cortex  in  intact  nonpregant,  intact  pregnant  and 
in  hypophysectomized  nonpregnant  rhesus  monkeys,  and  in  monkeys 
which  were  hypophysectomized  during  pregnancy. 

About  half  of  the  monkeys  hypophysectomized  during  pregnancy  went 
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to  term,  the  others  aborted  after  various  periods. 

The  state  of  pregnancy  was  found  to  prevent  the  decrease  in  adrenal 
weights  which  characteristically  follows  hypophysectomy. 

The  adrenal  cortex  of  the  hypophysectomized  monkeys  which  went  to 
term  was  of  normal  thickness  but  the  fascicular  zone  did  not  have  a  normal 
lipoid  content. 

The  monkeys  which  aborted  after  h3'pophysectomy  had  adrenal  glands 
of  normal  weight  at  the  time  of  abortion.  These  glands  decreased  in  weight 
following  abortion,  and  the  cortex  became  atrophic. 

The  adrenal  glands  of  the  hypophysectomized  monkeys  which  went  to 
term  and  which  were  autopsied  after  extended  periods  following  parturition 
also  were  decreased  in  weight  and  the  cortex  was  atrophic. 

The  results  show  that  in  rhesus  monkeys  there  is  some  source  of  adreno- 
corticotrophic  hormone  during  pregnancy  other  than  the  maternal  hypoph¬ 
ysis.  The  source  of  this  hormone  is  probablj'  the  placenta. 

The  thjToid  glands  were  not  maintained  in  the  hvpoph^^sectomized 
monkej's  hy  the  pregnant  state. 
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STUDIES  IN  HISTOCHEIVIISTRY:  QUANTITATIVE 
HISTOLOGICAL  DISTRIBUTION  OF  CHOLESTEROL 
IN  ADRENAL  GLANDS  OF  THE  COW,  RAT 
AND  .MONKEY,  AND  EFFECTS  OF  STRESS 
(CONDITIONS,  A(TH,  CORTISONE  AND 

DESOXY(cORTICOSTERONEi  2 

DAVID  CLICK  AND  MARY  J.  OCHS 

Ilintochemical  Laboratory,  Department  of  Physiological  Chemistry,  The  Medical  School, 
I’nirersity  of  Minnesota,  Minneapolis,  Minnesota 

INTRODUCTION 

AS  PART  of  a  broader  program  dealing  with  the  quantitativ'e  histo- 
JLX  chemical  basis  for  the  functions  of  the  adrenal  gland,  this  study  on 
cholesterol  extends  recent  work  on  ascorbic  acid  (Balm  and  Click,  19o4a, 
b),  potassium  and  lipid  (Click  et  al.,  1955),  phenolsulfatase  (Click  et  al., 
1954),  enzymatic  conjugation  of  m-aminophenol  with  sulfate  and  glucu- 
ronate  (Click  and  Stecklein,  1954),  )3-glucuronidase  (Wattenberg  and  Click, 
1953;  Nayyar  and  Click,  1955),  and  coenzyme  A  (Malmstrom  and  Click, 
1954). 

The  fall  in  the  cholesterol  content  of  the  adrenal  cortex,  like  that  of 
ascorbic  acid,  has  been  taken  as  an  indication  of  adrenal  cortical  stimula¬ 
tion  and,  as  with  ascorbic  acid,  the  previous  quantitative  work  on  cho¬ 
lesterol  dealt  with  analyses  of  whole  glands  or  whole  cortices  (Long,  1947). 
The  present  investigation  was  designed  to  carry  the  analyses  to  the  indivi¬ 
dual  zones  so  that  a  histological  differentiation  of  the  quantitative  effects 
could  be  made.  This  was  accomplished  by  analysis  of  microtome  sections 
of  fresh  frozen  tissue  and  correlation  of  the  data  with  the  histology  as  de¬ 
termined  by  the  staining  of  sections  adjacent  to  those  used  for  chemical 
analy.sis. 

Cow,  heifer  and  monkey  adrenals  were  used  for  a  study  of  the  distribu¬ 
tion  of  free  and  total  cholesterol,  and  the  total  cholesterol  was  also  meas¬ 
ured  in  monkeys  and  rats  after  they  were  subjected  to  stress  conditions 
and  hormonal  treatments.  The  stress  conditions  and  hormonal  treatments 
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which  were  employed  were  those  used  earlier  in  studying  effects  on  ascorbic 
acid  (Bahn  and  Click,  1954b)  and  /3-glucuronidase  (Nayar  and  Click, 
1955),  i.e.,  exposure  of  monkeys  to  combined  hyperthermia  and  hypoxia, 
and  to  injections  of  ACTH  cortisone  and  desoxycorticosterone  (monkeys 
with  pulmonary  lesions  were  also  studied  as  well  as  one  which  turned  out 
to  have  ascorbic  acid  deficiency),  and  exposure  of  rats  to' chilling,  turpen¬ 
tine  abscesses,  and  to  injections  of  the  same  hormone^v 

Purely  qualitative  attempts  at  visualization  of  the  histological  distribu¬ 
tion  of  cholesterol  in  the  adrenal  and  other  organs  have  been  based  on 
staining  procedures  or  birefringence.  The  staining  by  Sudan  dyes  is  given 
by  most  any  lipid,  the  Schultz  stain  employing  the  Liebermann-Burchardt 
reaction  is  caused  by  many  steroidal  substances,  and  birefringence  is  also 
exhibited  by  lipid  compounds  other  than  cholesterol.  Nevertheless,  the  loss 
of  cholesterol  in  the  adrenal  as  determined  by  whole-gland  analysis  has  been 
correlated  to  some  degree  with  the  loss  of  sudanophilia  in  the  fascicular 
zone  following  the  application  of  stress  conditions  (see  review  by  Sayers 
and  Sayers  [1949]).  This  follows  because  most  of  the  lipid  in  the  fascicular 
zone  consists  of  cholesterol,  as  shown  in  the  present  report.  It  has  been 
found  that  the  loss  of  cholesterol  from  the  adrenal  may  be  unaccompanied 
by  loss  of  other  lipids  (Fortier  et  al.,  1950).  It  should  also  be  pointed  out 
that  the  proportion  of  cholesterol  to  other  substances  which  stain  by  the 
Liebermann-Burchardt  reaction  is  probably  great  enough  to  render  this 
test  useful  for  the  adrenal  cortex.  Discussions  of  lipid  staining  in  the  adrenal 
appear  in  reviews  by  Creep  and  Deane  (1949),  Deane  (1950),  and  Deane 
and  Seligman  (1953). 


MATERIALS  AND  METHODS 

A  nimals 

The  M.  rhesus  and  M.  c.ynomolgus  monkeys  used  were  those  employed  earlier  for 
the  ascorbic  acid  study,  and  they  were  housed,  fed,  treated  and  killed  as  described  previ¬ 
ously  by  Bahn  and  Click  (1954a,  b). 

Male  albino  rats  (Holtzman)  weighing  250-540  gm.  were  used,  and  they  were  housed, 
fed,  treated  and  killed  in  a  manner  similar  to  the  practice  of  Bahn  and  Click  (1954a,  b). 

Heifer  and  cow  adrenals  were  obtained  from  animals  bled  to  death  by  cutting  the 
jugular  vein. 

Sampling  and  Histological  Preparation 

The  rapid  removal  of  the  adrenals  from  the  animals  after  killing,  the  quick  freezing, 
sampling,  sectioning  of  the  fresh  frozen  tissue,  and  histological  preparation  and  staining 
were  carried  out  as  described  by  Bahn  and  Click  (1954a)  and  Click  et  al.  (1955).  For 
each  sample  of  two  consecutive  tissue  sections  which  was  employed  for  dry  weight 
measurement  and  cholesterol  analysis,  the  previous  adjacent  section  was  used  for  his¬ 
tological  identification  after  fixing  in  Carnoy’s  solution  and  staining  with  toluidin  blue. 

Analysis 

Total  and  free  cholesterol  were  determined  on  each  pair  of  tissue  sections  by  the 
method  of  Cavanaugh  and  Click  (1952)  after  these  sections  had  been  dried  and  weighed 
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as  described  by  Click  ei  al.  (1955).  The  data  obtained  are  presented  in  composite  curves 
which  give  the  analytical  values  as  a  function  of  distance  through  the  adrenal.  These 
curves  were  constructed  in  the  manner  employed  by  Bahn  and  Click  (1954a). 

RESULTS 

Cow  and  Heifer  Adrenals 

The  distribution  of  both  free  and  total  cholesterol  in  the  cow  and  heifer 
adrenal  was  found  to  be  rather  uniform  throughout  all  of  the  zones  (Fig. 
1).  The  concentration  of  free  cholesterol  was  about  half  that  of  the  total. 
The  total  cholesterol  was  low  compared  to  that  in  the  monkey  adrenal  but 
of  the  same  order  as  that  in  the  rat  adrenal. 


Fig.  1.  Distribution  of  free  and  total  cholesterol  in  the  adrenal  glands  of  the  cow 
and  heifer.  To  facilitate  comparison  with  the  curves  for  the  cow  adrenal,  those  for  the 
smaller  heifer  adrenal  have  been  constructed  by  placing  the  points  in  the  appropriate 
histological  zones  referred  to  the  scale  used  for  the  cow  adrenal.  Sections  4  mm.  diameter, 
16  pthick  (0.2  pi.  vol.).  For  conversion  of  pg./2  sections  to  mg./ 100  ml.  tissue,  multiply 
by  250.  In  all  of  the  figures  the  following  apply:  in  the  upper  two  sets  of  curves  in  each 
figure  the  points  represent  means,  vertical  lines  through  points  the  standard  error  of 
means.  The  points  and  vertical  lines  in  the  bottom  set  of  curves  in  each  figure  (pg. 
cholesterol /pg.  dry  weight)  are  ratios  of  those  in  the  corresponding  upper  two  sets  of 
curves.  Histological  zones  are  indicated  by  G  (glomerulosa),  F  (fasciculata),  R  (reticu¬ 
laris),  M  (medulla).  When  sections  are  mixtures  of  two  zones  both  letters  are  used. 
When  a  number  in  parenthesis  is  placed  after  the  name  of  the  species  or  treatment  used 
it  denotes  the  number  of  adrenals  analyzed  to  obtain  the  composite  curve. 
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Monkey  Adrenals 

In  Figure  2  it  may  be  seen  that  in  the  adrenals  of  both  M.  cynomolgus 
and  M.  rhesus  monkeys  a  high  concentration  of  total  cholesterol  occurs  in 
the  fasciculata,  particularly  in  the  outer  part  of  the  zone,  when  the  concen¬ 
tration  is  based  on  tissue  volume  (upper  set  of  curves).  The  free  cholesterol 
is  distributed  evenly  throughout  all  zones  and  its  concentration  is  relatively 
low  in  the  regions  where  the  total  cholesterol  is  high. 

The  effects  in  rhesus  monkeys  of  combined  fever  and  hypoxia,  and  fever 
and  oxygen  administration,  carried  to  the  point  of  death  (details  of  treat- 


Fig.  2.  Distribution  of  free  and  total  cholesterol  in  the  adrenal  glands  of  the  M 
cynomolgus  and  M.  rhesus  monkey.  Sections  4  mm.  diameter,  16  fithick  (0.2  juL  vol.). 
For  conversion  of  mK-  2  sections  to  mg.  100  ml.  tissue,  multiply  by  2.50. 

ments  given  in  Tables  1  and  2,  Balm  and  Glick,  19.o4b)  as  well  as  ascorbic 
acid  deficiency,  which  was  produced  inadvertently  in  one  monkey  de¬ 
prived  of  the  dietary  supplement  of  ascorbic  acid  for  one  month,  are  shown 
in  Figure  3.  The  ascorbic  acid  deficiency,  which  was  not  accompanied  by 
apparent  clinical  signs  of  scurvy  although  the  ascorbic  acid  concentration 
in  the  adrenal  was  markedly  decreased  (Bahn  and  Glick,  1954a),  had  no 
appreciable  influence  on  the  concentration  of  cholesterol  when  the  latter 
was  based  on  tissue  volume,  but  a  tendency  to  higher  concentrations  in  the 
fasciculata  was  observed  when  the  concentration  was  based  on  dry  weight. 
Although  there  was  great  individual  variation,  combined  fever  and  hypoxia 
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resulted  in  some  depletion  of  cholesterol  in  the  fascicular  zone  when  the 
concentration  was  based  on  tissue  volume.  However,  on  the  dry  weight 
basis  this  difference  disappeared  due  to  the  marked  drop  in  dry  weight. 
In  the  single  animal  subjected  to  the  fever  and  oxygen  treatment  a  drastic 
decrease  in  cholesterol  concentration  in  the  fasciculata  was  found,  even  on 
a  dry  weight  basis. 

Figure  4  illustrates  that  the  occurrence  of  pulmonary  granulomas  had  no 
appreciable  effect  on  the  adrenal  cholesterol  in  rhesus  monkeys.  The  tend- 


Fig.  3.  Distrn)uti()n  of  total  chole.sterol  in  the  adrenal  Khmfls  of  M.  rhesus  monkeys 
with  and  without  stress  conditions  or  ascrobic  acid  deficiency.  Sections  4  mm.  diameter, 
16  juthick  (0.2  nl.  vol.).  For  conversion  of  Mg-/2  sections  tomg./lOO  ml.  tissue,  multiply 
by  250. 

ency  to  a  decrease  in  the  cholesterol  per  unit  volume,  which  was  seen  in 
the  outer  fasciculata  when  15  mg.  ACTH/kg.  was  injected,  disappeared 
when  the  concentration  was  expressed  as  amount  per  unit  dry  weight. 

When  30  mg.  ACTH/kg.  was  injected  into  cynomolgus  monkeys  a  pro¬ 
nounced  fall  in  cholesterol  concentration  occurred  (Fig.  5).  Injection  of  10 
mg.  cortisone  acetate/kg.  increased  both  the  cholesterol  and  dry  weight 
per  unit  volume,  leaving  the  cholesterol  per  unit  dry  weight  unchanged. 
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Fig.  4.  Distribution  of  total  cholesterol  in  the  adrenal  glands  of  M.  rhesus  monkeys 
with  and  without  pulmonary  granulomas,  and  in  the  latter  group  with  and  without 
single  intraperitoneal  injections  of  15  mg.  ACTH/kg.  Sections  4  mm.  diameter,  16 
pthick  (0.2  pi.  vol.).  For  conversion  of  Mg.  /2  sections  to  mg./lOO  ml.  tissue,  multiply 
by  250. 

Rat  Adrenals 

Keeping  rats  in  a  refrigerator  at  -2°  C.  for  varying  periods  caused  a  fall 
in  the  total  cholesterol  concentration  in  the  outer  fasciculata  when  the  time 
of  chilling  was  at  least  60  minutes  (Fig.  6).  No  effect  was  observed  in  other 
regions  of  the  adrenal. 

The  influence  of  ACTH  treatments  and  turpentine  abscess  on  the  total 
cholesterol  in  the  rat  adrenal  is  illustrated  in  Figure  7.  Three  hours  after 
the  injection  of  25-30  mg.  ACTH/kg.  a  definite  fall  in  concentration  oc¬ 
curred  which  was  confined  to  the  outer  fasciculata.  The  stress  of  sterile 
abscesses  induced  by  subcutaneous  turpentine  injections  elicited  a  com¬ 
parable  decrease  in  the  cholesterol. 

Figure  8  demonstrates  that  a  single  subcutaneous  injection  of  7  mg.  corti¬ 
sone  acetate/kg.  effected  a  fall  in  the  cholesterol  in  the  outer  fasciculata 
and  a  rise  in  the  reticularis,  whereas  the  control  injection  of  saline  solution 
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Fig.  5.  Distribution  of  total  cholesterol  in  the  adrenal  glands  of  M.  cynomolgus 
monkeys  with  and  without  single  intramuscular  injections  of  10  mg.  cortisone  ace¬ 
tate/kg.,  or  single  intraperitoneal  injections  of  30  mg.  ACTH  kg.  Sections  4  mm. 
diameter,  16  /xthick  (0.2  jul.  vol.).  For  conversion  of  fig./2  sections  to  mg./lOO  ml.  tissue, 
multiply  by  250. 

produced  only  the  fall.  When  the  cortisone  was  administered  daily  for  2.5-3 
weeks  a  pronounced  decrease  in  the  cholesterol  concentration  occurred  in 
all  of  the  cortical  zones.  When  a  single  injection  of  cortisone  was  followed 
after  24  hours  by  chilling  at  2°  C.  for  1  hour  a  marked  depression  of  the 
cholesterol  throughout  the  cortex  was  found  which  was  much  the  same  as 
that  obtained  by  the  daily  injections,  and  considerably  greater  and  more 
extensive  than  that  caused  by  either  the  single  injection  or  the  chilling 
alone. 

From  Figure  9  it  is  apparent  that  a  single  subcutaneous  injection  of  7 
mg.  desoxycorticosterone  acetate  in  sesame  oil/kg.  produced  a  decrease  in 
cholesterol  concentration  in  all  cortical  zones,  while  the  control  injection 
of  the  oil  had  the  effect  of  lowering  the  concentration  slightly  in  the  fascicu- 
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lata.  Repeated  daily  injections,  or  the  single  injections  followed  after  24 
hours  by  chilling  at  2°  C.  for  1  hour,  gave  practically  the  same  result  as  the 
single  injection  alone. 


DISCUSSION 

Hechter  (1952)  reported  that  the  concentration  of  cholesterol  in  the  beef 
adrenal  is  low,  0.25%  being  the  maximum  he  found  in  glands  from  com¬ 
mercially  slaughtered  animals  (the  degree  of  stress  involved  in  killing 
will  influence  the  cholesterol  concentration).  From  Figure  1  it  may  be  seen 


Fig.  6.  Distribution  of  total  cholesterol  in  the  adrenal  glands  of  male  albino  rats 
with  and  without  chilling  for  various  periods.  Sections  2  mm.  diameter,  16  /xthick  (0.0.') 
/il.  vol.).  For  conversion  of  mK-  2  sections  to  mg./lOO  ml.  tissue,  multiply  by  1000. 


that  a  value  of  about  10  times  this  was  observed  in  the  present  work,  but 
even  so  the  concentrations  are  considerably  less  than  those  in  the  adrenal 
of  the  rat  or  monkey.  The  proportion  of  the  free  cholesterol  found  was 
about  50%  of  the  total,  which  is  much  greater  than  that  in  the  rat  or  mon¬ 
key  (10-20%).  Hechter  stated  that  in  their  beef  glands  90%  of  the  cho¬ 
lesterol  was  in  the  free  form.  Perhaps  this  high  value  resulted  from  post 
mortem  hydrolysis. 

It  is  striking  that  the  distribution  of  the  total  cholesterol  throughout 
the  bovine  gland  varies  little,  while  that  in  the  rat  and  monkey  glands 
shows  a  maximum  concentration  in  the  outer  fasciculata.  It  is  also  note¬ 
worthy  that  the  rat  adrenal,  which  has  a  total  cholesterol  concentration 
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intermediate  between  that  in  the  bovine  and  monkey  adrenals,  has  a 
degree  of  localization  in  the  outer  fasciculata  which  is  intermediate  between 
the  two.  In  all  of  these  species  the  free  cholesterol  appears  to  have  no  par¬ 
ticular  localization  in  any  zone.  For  comparison,  the  order  of  concentration 
of  ascorbic  acid  in  the  adrenal  is  rat  >  monkey  or  cow,  the  latter  two  having 
similar  values. 

Because  only  a  small  portion  of  the  total  cholesterol  in  the  rat  and  mon¬ 
key  adrenal  is  free,  the  experiments  on  the  effects  of  hormonal  treatments 


Fig.  7.  Distribution  of  total  cliolesterol  in  the  adrenal  glands  of  male  albino  rats  with 
and  without  single  intraperitoneal  injections  of  25-30  mg.  ACTH  kg.,  or  a  week  after 
single  subcutaneous  injections  of  1  ml.  of  turpentine.  Sections  2  mm.  diameter,  16 
jLithick  (0.05  pi.  vol.).  For  conversion  of  pg.  2  sections  to  mg./ 100  ml.  tissue,  multiply 
by  1000. 

and  stresses  were  conducted  without  fractionation  of  the  cholesterol,  i.e., 
the  total  cholesterol  alone  was  measured. 

It  is  clear  from  the  data  presented  that  the  loss  of  cholesterol  in  the 
adrenal  gland  following  stimulation  by  ACTH  or  stress  conditions  is 
chiefly  due  to  the  disappearance  of  cholesterol  ester  from  the  fascicular 
zone,  and  within  this  zone  the  loss  from  the  outer  region  is  the  greatest. 
This  is  in  accord  with  conclusions  based  on  staining  procedures  {e.g., 
Nichols,  1948;  Bacchus,  1951).  When  the  same  treatments  were  used  to 
effect  ascorbic  acid  changes,  the  depletion  occurred  in  both  the  outer  fasci¬ 
culata  and  the  reticularis  (Bahn  and  Click,  1954b). 
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If  the  fall  in  dry  weight  per  tissue  section  which  results  from  adrenal 
stimulation  were  due  entirely  to  the  loss  of  cholesterol,  the  amount  of 
cholesterol  per  unit  dry  weight  after  the  stimulation  would  be  less  than 
that  before,  because  all  of  the  dry  material  is  not  cholesterol.  In  some  cases 
60%  of  the  dry  weight  in  the  fasciculata  is  cholesterol ;  a  loss  of  half  of  the 
cholesterol  would  give  a  30%  drop  in  dry  weight.  The  final  concentration 
of  cholesterol  per  unit  dry  weight  would  be;  30/ (100-30)  or  43%,  a  decrease 
of  17%.  However,  if  non-cholesterol  material  is  also  lost,  the  percentage 


Fig.  8.  Distribution  of  total  cholesterol  in  the  adrenal  glands  of  male  albino  rats 
with  and  without  single  and  repeated  subcutaneous  injections  of  7  mg.  cortisone  ace¬ 
tate/kg.  Sections  2  mm.  diameter,  16  /xthick  (0.05  pi.  vol.).  For  conversion  of  pg.  2. sec¬ 
tions  to  mg./lOO  ml.  tissue,  multiply  by  1000. 

fall  in  total  dry  weight  might  be  equal  to,  or  even  greater  than,  that  in 
cholesterol,  with  the  effect  that  the  final  concentration  of  cholesterol  per 
unit  dry  weight  would  be  equal  to,  or  greater  than,  that  originally  present. 
For  example,  the  decreases  in  dry  weight  in  the  fasciculata  of  the  monkey 
adrenals  from  fever  with  hypoxia  or  injection  of  40  mg.  of  ACTH  (Figs. 
3,  4)  were  due  to  loss  of  cholesterol  plus  non-cholesterol  material  because 
the  values  of  cholesterol  per  unit  dry  weight  w^ere  not  appreciably  changed 
by  these  treatments.  On  the  other  hand,  the  decreases  in  dry  weight  follow¬ 
ing  the  fever-oxygen  treatment  or  injection  of  120  mg.  of  ACTH  (Figs.  3,  5) 
were  due  more  completely  to  the  loss  in  cholesterol  because  the  values  for 
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the  cholesterol  per  unit  dry  weight  were  reduced  after  these  treatments. 
Earlier  reports  of  the  loss  of  cholesterol  from  the  adrenal  following  hypoxia 
have  been  given  by  Tepperman  et  al.  (1947)  and  Butler  and  Morgan  (1954). 

Although  only  a  single  animal  with  ascorbic  acid  deficiency  was  studied, 
and  therefore  the  evidence  is  insufficient,  it  is  interesting  that  a  tendency 
to  increased  cholesterol  per  unit  dry  weight  in  the  fascicular  and  reticular 
zones  was  found  (Fig.  3).  Oesterling  and  Long  (1951)  observed  that  in  early 
scurvy  an  increase  in  the  concentration  of  cholesterol  in  the  guinea  pig 
adrenal  occurs,  while  in  late  scurvy  a  decrease  results.  King  et  al.  (1953) 


Fig.  9.  Distribution  of  total  cholesterol  in  the  adrenal  gland  of  male  albino  rats  with 
and  without  single  and  repeated  subcutaneous  injections  of  7  mg.  desoxycorticosterone 
acetate/kg.  Sections  2  mm.  diameter,  16  jxthick  (0.05  pi.  vol.).  For  conversion  of  pg./2 
sections  to  mg./lOO  ml.  tissue,  multiply  by  1000. 

reported  that  with  the  onset  of  scurvy  in  the  guinea  pig  the  synthesis  of 
adrenal  cholesterol  from  acetate  is  increased. 

Changes  in  the  adrenal  of  the  rat  were  similar  to  those  in  the  monkey 
adrenal  following  stresses  or  ACTH  injections  (Figs.  6,  7). 

Single  cortisone  injections  into  the  monkey  (Fig.  5)  elevated  the  cho¬ 
lesterol  content  and  dry  weight  per  section  to  about  the  same  degree. 
In  the  rat  the  effect  was  equivocal,  injection  of  physiological  saline  solu¬ 
tion  giving  about  the  same  response  (Fig.  8).  When  the  cortisone  injection 
was  followed  after  24  hours  by  chilling  for  1  hour,  or  when  the  injections 
were  repeated,  the  cholesterol  concentrations  were  reduced  without  much 
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change  in  dry  weight.  Comparison  of  Figures  6  and  8  shows  that  the  chilling 
alone  gave  a  less  drastic  depletion  of  the  cholesterol.  This  is  in  contrast  to 
the  effect  of  the  same  treatments  on  the  ascorbic  acid  in  the  rat  adrenal 
(Balm  and  Click,  1954b)  in  which  the  greatest  depletion  was  produced  by 
chilling  alone,  and  this  effect  was  inhibited  by  pretreatment  with  corti¬ 
sone.  Stebbins  (1950)  found  that  subcutaneous  injections- of  cortisone  ace¬ 
tate  (3  mg./day  up  to  42  days)  in  rats  caused  a  fascicular  and  reticular 
atrophy  with  almost  complete  loss  of  lipid  which  wa’s  reversible  with  dis¬ 
continuance  of  the  injections.  Similar  effects  were  observed  in  the  rat 
adrenal  by  Romani  (1952),  and  in  the  human  adrenal  bj’  O’Donnell  (1951) 
and  Sprague  et  al.  (1951). 

Single  injections  of  desoxycorticosterone  were  as  effective  as  repeated 
injections  in  rats  in  depleting  the  cholesterol  from  the  adrenal  (Fig.  9). 
When  the  single  injection  was  followed  after  24  hours  by  chilling  for  1  hour 
the  effect  was  the  same  as  that  without  the  chilling.  This  result  is  different 
from  that  on  ascorbic  acid  which  is  depleted  further  by  the  chilling  after 
the  desoxycorticosterone  injection  (Bahn  and  Glick,  1954b).  Atrophic 
changes  with  loss  of  lipid  in  the  glomerulosa  from  desoxycorticosterone 
treatment  were  described  by  Deane  (1950)  and  Romani  (1952). 

Since  it  has  been  established  that  cortisone  treatments  can  produce 
atrophic  changes  in  the  fascicular  and  reticular  zones,  while  treatments 
with  desoxycorticosterone  cause  atrophic  effects  in  the  glomerular  region, 
one  might  expect  that  injections  of  these  hormones  would  affect  the  ascorbic 
acid  and  cholesterol  concentrations  only  in  the  respective  zones  showing 
the  specific  histological  changes.  Howev’er,  the  facts  are  that  cortisone 
treatment  caused  a  definite  decrease  in  cholesterol  and  tended  to  cause 
some  lowering  of  the  ascorbic  acid  in  the  glomerulosa  as  well  as  producing 
the  losses  from  the  fasciculata  and  reticularis,  and  desoxycorticosterone 
caused  lowering  of  the  cholesterol  and  ascorbic  acid  in  the  fasciculata  and 
reticularis  as  well  as  in  the  glomerulosa  (Figs.  8,  9)  (Fig.  4,  Bahn  and  Glick, 
1954b). 


SUMMARY 

The  quantitativ'e  histological  distribution  of  cholesterol  and  total  dry 
weight  were  studied  in  the  adrenal  glands  of  the  cow,  heifer,  rat  and  mon¬ 
key.  The  distribution  of  both  free  and  total  cholesterol  was  determined  in 
adrenals  of  the  cow,  heifer,  M.  cynomolgus  and  M.  rhesus  monkey.  The 
free  cholesterol,  which  was  about  50%  of  the  total  in  the  bovine  adrenal 
and  10-20%  of  the  total  in  the  monkey  adrenal,  was  evenly  distributed 
throughout  all  of  the  histological  zones.  The  cholesterol  ester  was  concen¬ 
trated  primarily  in  the  outer  fasciculata.  The  highest  concentrations  of 
cholesterol  were  found  in  the  monkey  adrenal,  lower  concentrations  oc¬ 
curred  in  the  rat,  and  still  lower  in  the  bovine  adrenal. 

The  stress  of  combined  fever  and  hypoxia,  or  ascorbic  acid  deficiency 
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(one  case)  in  rhesus  monkeys,  and  chilling  or  turpentine  abscesses  in  rats 
caused  depletion  of  cholesterol  ester,  mainly  from  the  outer  part  of  the 
fascicular  zone.  The  occurrence  of  pulmonary  granulomas  in  the  rhesus 
monkey  had  no  demonstrable  influence  on  the  adrenal  cholesterol.  Injec¬ 
tions  of  ACTH  effected  changes  in  monkey  and  rat  adrenals  which  were 
similar  to  those  obtained  from  the  imposition  of  stress  conditions.  In  some 
cases  the  decreases  in  dry  weight  which  were  produced  by  adrenal  stimula¬ 
tion  were  due,  in  part,  to  loss  of  non-cholesterol  material. 

Variable  effects  were  obtained  from  single  injections  of  cortisone  acetate 
in  the  monkey  (10  mg. /kg.)  and  the  rat  (7  mg. /kg.),  but  daily  injections 
for  2.5-3  weeks  in  the  rat  caused  marked  depletion  in  all  adrenal  zones.  A 
single  injection  in  the  rat  followed  after  24  hours  by  chilling  at  2°  C.  for 
1  hour  produced  a  loss  in  cholesterol  which  was  greater  than  that  from 
either  the  injection  or  chilling  alone. 

Single  or  repeated  daily  injections  of  desoxy corticosterone  acetate  (7 
mg. /kg.)  were  equally  effective  in  depleting  the  cholesterol  from  all  of  the 
zones  of  the  rat  adrenal.  Chilling  for  1  hour  at  2°  C.  24  hours  after  a  single 
injection  gave  the  same  effect  as  the  injection  alone. 

Differences  between  the  effects  on  the  adrenal  cholesterol  and  on  the  as¬ 
corbic  acid  which  were  produced  by  various  treatments  were  pointed  out. 
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EFFECTS  OF  THIOUREA  ON  THE  ADRENAL  GLANDS 
OF  CHICK  ElMBRYOS 


JANET  W.  KINGSBURY,  SARA  L.  EMERY  and 
A.  ELIZABETH  ADAMS 

Department  of  Zoology,  Mount  Holyoke  College,  South  Hadley,  Massachusetts 

HYPOTHYROIDISM  was  produced  in  chick  embryos  by  injections 
of  thiourea  from  the  8th  day  of  incubation  to  hatching  (Adams  and 
Bull,  1949;  Adams  and  Buss,  1952)  and  the  effects  on  the  embryonic  adre¬ 
nal  glands  were  examined.  The  most  obvious  changes  were  cortical  atrophy 
and  medullary  hypertrophy,  which  were  apparent  on  incubation  days  18- 
20. 


MATERIALS  AND  METHODS 

Five  doses  of  0.5  cc.  of  0.4%  thiourea  were  injected  into  yolk  sacs  of  48  White  Ply¬ 
mouth  Rock  embryos  on  alternate  incubation  days  8-16.  Each  embryo  received  a  total 
dose  of  10  mg.  of  the  drug.  In  addition  12  embryos  were  given  three  injections  on  da3's 
12,  14,  and  16  and  10  embryos  received  two  injections,  5  on  da3’S  6  and  18  and  5  on  days 
10  and  16.  Controls  were  93  embryos  which  either  were  uninjected  or  injected  with  0.5 
cc.  distilled  water.  Embryos  were  killed  daib"  from  da3’s  8-20.  All  embr3’os  were  weighed 
after  removal  of  their  membranes.  At  autops3'  both  th3Toids  were  weighed  and  fixed  in 
Helly’s  fluid.  One  adrenal  from  each  embryo  was  placed  in  Helly’s  fixative  and  the  other 
preserved  either  in  acidified  silver  nitrate  (Gomori,  1952)  for  ascorbic  acid  content  or 
in  formol-calcium  for  demonstration  of  lipids  and  cholesterol.  To  show  the  total  lipid 
content  of  the  adrenal,  sections  were  “stained”  in  oil  red  O  or  sudan  black  B;  for  the 
demonstration  of  cholesterol  the  Romieu  variation  of  the  Liebermann-Burchard  test 
was  used  (Lison,  1953).  The  amounts  of  ascorbic  acid,  lipids  and  cholesterol  in  the  ad¬ 
renal  cells  were  graded  b3'  assigning  arbitrar3’  values  from  1  to  6  for  increasing  quantities 
of  the  substances. 


RESULTS 

Thiourea-treated  embryos  showed  a  loss  of  body  weight  when  com¬ 
pared  with  that  of  the  controls,  especially  on  incubation  days  15-20  (Table 
1).  Thyroids  from  experimental  embryos  were  heavier  than  those  of  con¬ 
trols  from  days  10-20,  and  markedly  so  on  days  14-20  (Table  1).  Those  re¬ 
moved  from  thiourea-injected  embryos  on  days  9-11  tvere  histologically 
similar  to  thyroids  of  8  day  normals,  and  at  12-13  days  the  glands  from 
experimentals  were  like  those  of  10  day  normals.  Thyroids  from  older 
thiourea-treated  embryos  appeared  hyperactive,  with  hypertrophied  epi¬ 
thelium,  loss  of  colloid,  and  hyperplasia. 
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Table  1.  Average  body  weights  and  average  relative  (mg./IOO  gm.  body  wt.)  thyroid 
WEIGHTS  OF  CHICK  EMBRYOS  INJECTED  WITH  THIOUREA  ON  INCUBATION  DAYS 
8,  10,  12,  14  AND  IG  COMPARED  W'lTH  CONTROLS 


Controls  Thiourea-injected  embryos 


Day  ] 
killed 

\'o.  em¬ 
bryos 

Av.  body 

No.  em¬ 
bryos 

Av. 

thy.  wt., 
mg./IOO 
mg. 

body  wt. 

No.  em¬ 
bryos 

Av.  body 

No.  em¬ 
bryos 

.4v. 

thy.  wt., 
mg./IOO 
gm. 

body  wt. 

body 

wt.‘ 

wt.,  gm. 

thy. 

wt. 

body 

wt. 

wt.,  gm. 

thy. 

wt. 

8 

9 

3 

3 

1.0 

1.8 

— 

— 

5 

2.0 

— 

— 

10 

3 

2.8 

2 

10.4 

G 

2.5 

2 

13.  G 

11 

5 

4.2 

3 

6.G 

5 

3.0 

2 

8.7 

12 

G 

G.O 

5 

12.0 

5 

4.5 

5 

18.0 

13 

G 

8.7 

G 

14.0 

5 

5.8 

4 

17.  G 

14 

5 

9.8 

4 

11.7 

5 

9.5 

5 

27.5 

15 

5 

14.4 

5 

12.3 

4 

11.3 

3 

25.8 

16 

4 

16.9 

4 

13.0 

4 

12.5 

4 

31.1 

17 

7 

19.0 

7 

15.0 

3 

14.3 

3 

31.1 

18 

7 

22.6 

7 

15.0 

3 

17.0 

2 

27.4 

19 

8 

29.3 

8 

12.4 

2 

18.7 

2 

38.7 

20 

7 

31.9 

7 

12.0 

1 

16.5 

1 

50.5 

21 

() 

28.8 

5 

12.5 

— 

— 

— 

— 

The  adrenals  of  control  8  day  embryos  consisted  of  small  masses  of  cells 
attached  to  the  cephalic  ends  of  the  mesonephroi.  The  cortical  cells,  ar¬ 
ranged  in  irregular  cords,  had  large,  vesicular  nuclei  and  relatively  little 
cytoplasm.  The  medullary  cells,  distinguished  in  glands  fixed  in  Helly’s 
fluid  by  their  chromaffin  reaction,  were  grouped  between  the  cortical  cords 
and  adrenal  sinusoids.  On  the  9th  day  an  increase  in  the  relative  amount  of 
medullary  tissue  was  observed  and  at  10  days  the  chromaffin  reaction  was 
more  inten.se  and  increased  through  the  13th  day.  Encapsulation  was  first 
apparent  on  the  9th  day  and  completed  by  the  11th  day. 

Adrenals  of  thiourea-treated  embryos  were  similar  to  those  of  controls  on 
days  9-17.  During  days  18-20  there  was  an  atrophy  of  cortical  tissue  and  a 
corresponding  hypertrophy  of  medullary  cells  in  the  experimentals.  The 
cortical  cords  appeared  broken  up  by  medullary  cells.  Ascorbic  acid  was 
first  demonstrated  in  the  adrenal  of  a  10  day  experimental.  The  test  was 
positive  at  all  later  stages.  Injection  of  thiourea  did  not  affect  the  adrenal 
ascorbic  acid  content  for  its  distribution  was  the  same  in  control  and  ex¬ 
perimental  embryos  and  in  both  cortical  and  medullary  cells. 

As  demonstrated  by  oil  red  O  or  sudan  black  B,  no  lipids  were  present  in 
the  medullary  cells  but  the  cortical  cells  contained  many  small  lipid  drop¬ 
lets.  The  total  lipid  content  in  the  controls  increased  steadily  from  days  8- 
20.  The  lipid  content  of  adrenals  from  thiourea-injected  embryos  also  rose 
but  showed  considerable  variation,  and  was  always  lower  than  that  of  the 
controls. 

Cholesterol,  as  shown  by  the  Romieu  technique,  was  first  observed  in  the 
adrenal  cortical  cells  of  11  day  normals.  In  adrenals  from  controls  it  in¬ 
creased  from  days  11-19  and  then  decreased  slightly.  The  adrenals  from 
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thiourea-injected  embryos  contained  considerably  less  than  those  from  con¬ 
trols.  On  day  20  the  amount  was  approximately  one  half  that  seen  in  the 
adrenals  of  controls. 


DISCUSSION 

The  average  body  weights  of  all  embryos  given  5  injections  of  thiourea 
consistently  remained  below  those  of  the  controls  during  days  10-20,  but 
the  differences  were  more  pronounced  during  days  15-20.  All  relative  thy¬ 
roid  weights  in  the  thiourea-injected  embryos  were  higher  than  average 
control  weights  from  days  10-20.  The  thiourea  caused  a  delay  in  the  thy¬ 
roid  differentiation  during  days  9-13,  and  on  days  14-20  caused  hyper¬ 
plasia,  increased  cell  height,  and  decreased  colloid.  The  lower  average  body 
weights,  higher  average  thyroid  weights,  and  histological  changes  of  the 
thyroid  after  injection  of  thiourea  are  interpreted  as  evidence  of  hypothy¬ 
roidism  (Adams  and  Bull,  1949;  Adams  and  Buss,  1952). 

Histological  differentiation  of  the  adrenal  cortex  in  the  embryonic  chick 
was  reported  by  Dawson  (1953).  He  found  lipids  and  cholesterol  present 
on  the  7th  day.  In  this  study  tests  for  these  substances  were  not  performed 
until  the  8th  day,  when  lipids  were  present  in  the  adrenal.  Positive  tests 
for  cholesterol  were  not  obtained  until  day  11.  Dawson  demonstrated 
cholesterol  by  both  the  Schultz  test  and  birefringence,  while  the  Romieu 
technique  was  used  in  this  investigation.  The  time  difference  may  be  due 
to  the  methods  utilized. 

Tests  for  ascorbic  acid  in  adrenals  were  performed  first  during  the  10th 
day  on  a  thiourea-treated  embryo  and  were  positive  in  both  cortical  and 
medullary  cells,  confirming  Dawson’s  data  (1953).  From  day  12  on  ascorbic 
acid  was  demonstrated  in  the  adrenals  of  all  embryos  tested.  From  the  his- 
tochemical  evidence  it  is  probable  that  the  cortical  cells  become  functional 
sometime  between  days  6-12. 

The  available  literature  revealed  no  report  on  the  effects  of  antithyroid 
drugs  on  the  adrenals  of  embryonic  chicks.  Administration  of  these  drugs 
to  mammals  produced  atrophy  of  the  adrenal  cortex  (Baumann  and 
Marine,  1945;  Marine  and  Baumann,  1945;  Deane  and  Greep,  1947;  Freed¬ 
man  and  Gordon,  1950;  Zarrow  and  Zarrow,  1951;  and  Albert,  1952)  and 
hypertrophy  of  the  medulla  (Baumann  and  Marine,  1945;  Marine  and 
Baumann,  1945;  Deane  and  Greep,  1947).  The  cortical  atrophy  was  as¬ 
sociated  with  loss  of  lipid  (Baumann  and  Marine,  1945;  Deane  and  Greep, 
1947),  while  an  increased  content  of  epinephrin  accompanied  the  medullary 
hypertrophy — a  condition  which  led  Marine  and  Baumann  (1945)  to  pro¬ 
pose  that  there  is  a  direct  thyroid-adrenal  medulla  relationship.  Reports  by 
others  (Friedenwald  and  Buschke,  1943;  Di  Palma  and  Dreyer,  1945)  in¬ 
dicate  that  thiourea  is  antagonistic  to  epinephrin.  This  suggests  that  the 
increased  secretion  of  epinephrin  is  an  attempt  to  overcome  the  thiourea. 

To  explain  the  atrophy  of  the  mammalian  adrenal  cortex  following  ad- 
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ministration  of  antithyroid  compounds  several  investigators  (Deane  and 
Creep,  1947 ;  Zarrow  and  Zarrow,  1951 ;  Albert,  1952)  suggest  that  the  in¬ 
duced  blocking  of  the  synthesis  of  thyroxin  causes  the  anterior  pituitary  to 
elaborate  excessive  quantities  of  thyrotrophic  hormone  and  results  in  a  de¬ 
creased  production  of  adrenocorticotrophic  hormone  (ACTH).  The  fact 
that  administration  of  thyroxin  prevents  the  antithyroid  induced  changes 
further  supports  this  theory  (Freedman  and  Gordon,  1950;  Albert,  1952). 
An  increased  thyroxin  level  causes  a  decreased  output  of  thyrotrophin  and 
thus  enables  the  anterior  pituitary  to  produce  more  ACTH  preventing 
atrophy  of  the  adrenal  cortex. 

Ascorbic  acid  was  found  in  cortical  and  medullary  cells  of  the  chick’s 
adrenal  during  days  10-20,  and  the  am.ount  and  distribution  were  the  same 
in  controls  and  thiourea-treated  embryos.  Ascorbic  acid  is  the  only  sub¬ 
stance  in  protoplasm  which  reduces  acidified  silver  nitrate  (Deane  and 
Morse,  1948;  Gomori,  1952)  but  since  it  is  highly  diffusible  its  intracellular 
localization  is  questionable  (Gomori,  1952;  Lison,  1953).  Its  histochemical 
localization  at  the  tissue  level,  however,  is  considered  satisfactory  (Lison, 
1953).  Considering  the.se  facts,  it  is  concluded  that  this  study  has  shown 
only  that  ascorbic  acid  is  pre.sent  in  the  adrenals  of  the  embryonic  chick 
during  days  10-20,  and  that  no  difference  was  observed  in  its  quantity  or 
distribution  in  the  glands  of  control  or  thiourea-injected  embryos. 

Case  (1951,  1952)  found  in  adrenals  from  chick  embryos  which  were  hy- 
pophysectomized  by  decapitation  at  33-38  hours  incubation  that  the  as¬ 
corbic  acid  content  dropped  below  control  levels  during  days  17-19.  He 
concluded  that  the  pituitary  began  to  influence  the  adrenals  by  the  13th 
day.  The  ascorbic  acid  content  of  the  mammalian  adrenal  cortex  gives  an 
index  of  the  cortical  secretion,  for  its  levels  decrease  as  cortical  secretion 
increases  (Sayers,  Sayers,  Liang,  and  Long,  1946;  Deane  and  ^lorse,  1948; 
Long,  1950;  Case,  1952).  Apparently  this  does  not  occur  in  birds  for  Jailer 
and  Boas  (1950)  and  Zarrow  and  Zarrow  (1950)  were  unable  to  effect  a  de¬ 
crease  in  adrenal  ascorbic  acid  by  subjecting  chicks  and  ducks  to  stress. 
Breneman  (1954)  comments  that  except  for  the  report  of  Jailer  and  Boas 
the  relationship  between  anterior  pituitary  and  adrenal  cortex  of  chicks 
appears  to  be  comparable  with  that  of  the  mammals. 

The  adrenal  cortical  cells  from  thiourea-injected  chick  embryos  con¬ 
tained  only  slightly  le.ss  lipid  than  tho.se  of  the  controls,  but  a  decrease  in 
the  total  amount  of  lipid-containing  cells  noted  on  days  18-20  is  significant. 
Case  (1951)  reported  that  the  amount  of  cortical  cells  was  greatly  dimin¬ 
ished  in  hypophysectomized  chick  embryos.  In  an  18  day  decapitated  em¬ 
bryo  it  comprised  32%  of  the  adrenal  while  in  an  18  day  normal  it  formed 
63%.  By  injecting  ACTH  into  decapitates  he  produced  a  partial  repair  of 
cortical  cells.  A  comparison  of  Case’s  results  with  those  presented  here 
shows  that  hypophysectomy  caused  similar  changes  to  those  following 
thiourea  injection.  This  indicates  a  direct  pituitary-adrenal  relationship 
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and  provides  evidence  that  thiourea  affects  the  pituitary  which  in  turn  af¬ 
fects  the  adrenal  cortex.  The  fact  that  in  the  mammal  ACTH  injected  af¬ 
ter  hypophysectomy  caused  some  adrenal  recovery,  supports  the  theory 
that  it  is  a  deficiency  of  this  hormone  which  causes  adrenal  cortical  atrophy 
after  thiourea  (Deane  and  Creep,  1947;  Zarrow  and  Zarrow,  1951;  Albert, 
1952).  A  series  of  experiments  injecting  ACTH  and  thiourea  into  chick 
embryos  is  indicated. 

A  loss  of  adrenal  lipid  was  found  in  mammals  treated  with  antithyroid 
drugs  (Deane  and  Creep,  1947).  Similar  changes  were  seen  in  rats  after 
hypophysectomy  (Deane  and  Creep,  1946).  These  reports  suggest  a  sup¬ 
pression  of  ACTH  by  antithyroid  drugs,  and  provide  evidence  that  corti¬ 
cal  lipids,  in  mammals  at  least,  are  involved  in  the  formation  and  secretion 
of  cortical  steroids.  In  mammals  the  level  of  adrenal  cholesterol,  like  as¬ 
corbic  acid,  is  related  to  the  secretory  activity  of  the  cortical  cells  (Sayers, 
Sayers,  Liang,  and  Long,  1946;  Long,  1950).  Sayers  et  al.  (1946)  believe 
that  it  is  the  precursor  of  the  adrenal  cortical  hormone.  It  is  not  known  if 
such  a  relationship  occurs  in  birds.  The  amounts  of  cholesterol  in  the  adre¬ 
nal  cortical  cells  of  the  thiourea-treated  embryos  were  smaller  than  in  the 
cortical  cells  of  control  chicks.  In  addition  the  amount  of  cortical  tissue  was 
less  than  in  the  controls  on  days  18-20.  It  is  suggested  that  this  decrease 
indicates  a  decrease  in  the  cortical  hormone  production  of  thiourea-injected 
embryos. 

The  mechanism  of  thyroid-adrenal  interaction  remains  unknown.  Two 
interpretations  of  this  interrelation  appear  possible:  (a)  a  thyroid-pitui¬ 
tary-adrenal  relationship  and  (b)  a  direct  thyroid-adrenal  interrelation.  A 
degeneration  of  both  thyroid  and  adrenal  after  hypophysectomy  of  60  day 
old  chicks  (Nalbandov  and  Card,  1943)  and  adrenal  changes  in  the  em¬ 
bryonic  chick  following  hypophysectomy  (Case,  1951 ;  1952)  substantiate 
the  theory  of  a  thyroid-pituitary-adrenal  relation.  Marine  and  Baumann 
(1945)  and  Shellabarger  (1954)  argued  for  a  direct  thyroid-adrenal  rela¬ 
tionship.  Fugo  (1940)  showed  that  the  hypophysectomy  of  embryonic 
chicks  caused  no  visible  alteration  in  the  adrenals.  This  suggests  that  the 
pituitary  exercises  little  or  no  control  over  the  adrenals  and  thus  supports 
the  theory  of  direct  thyroid-adrenal  interaction  l)ut  seriously  conflicts  with 
the  bulk  of  evidence  in  favor  of  a  thyroid-pituitary-adrenal  relationship. 

SUMMARY 

On  incubation  days  18-20  the  adrenal  cortical  cords  from  thiourea-in¬ 
jected  chick  embryos  were  atrophied  and  the  medullary  regions  hypertro¬ 
phied.  Ascorbic  acid  was  present  in  adrenals  during  days  10-20.  There  was 
no  apparent  difference  in  its  amount  or  distribution  in  control  or  thiourea- 
injected  embryos.  No  significant  difference  was  observed  in  the  total  lipid 
content  of  adrenal  cortical  cells  in  control  and  thiourea-injected  embryos. 
Cholesterol  was  not  observed  in  the  adrenal  cortical  cells  until  the  11th  day. 
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On  days  11-20  these  cells  in  the  thiourea-injected  embryos  contained  con¬ 
siderably  less  cholesterol  than  those  of  the  controls, 
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EFFECT  OF  THYROIDECTOMY  AND  HYPOPHYSECTOMY 
ON  PLASIVIA  HEXOSAMINE  LEVELS  IN  THE  RAT' 

NORMAN  F.  BOAS2  and  JOSEPH  B.  FOLEY 


The  plasma  hexosamine  level  increases  following  various  nonspecific 
stressful  stimuli.  It  has  been  found  increased  in  many  clinical  diseases 
(West  and  Clarke,  1938;  Boas  and  SolTer,  1951)  and  following  body  injury 
to  experimental  animals  (Boas  and  Peterman,  1953).  Some  clinical  evidence 
has  indicated  that  plasma  hexosamine  levels  may  be  influenced  by  the  en¬ 
docrine  glands.  The  abnormally  elevated  hexosamine  levels  seen  with  a 
number  of  clinical  diseases  can  be  lowered  under  the  influence  of  ACTH  or 
cortisone  (Boas  and  Soffer,  1951 ;  Boas,  Ludwig  and  Suffer,  1952).  Elevated 
levels  of  serum  mucoprotein  (contains  hexosamine)  have  been  described  in 
cases  of  severe  myxedema  (Mancini,  Garberi  and  de  la  Baize,  1951).  Stud¬ 
ies  were  performed  to  evaluate  the  role  of  the  endocrine  system  in  the 
regulation  of  plasma  hexosamine  levels,  and  to  determine  whether  observed 
increases  in  hexosamine  could  be  correlated  with  plasma  volume  changes. 

METHODS 

Male  Sprague-Dawley  rats  were  individually  caged,  fed  a  specially  prepared  high 
calcium  diet  (Boas  and  Peterman,  1953)  and  permitted  to  drink  water  or  0.9%  saline 
(adrenalectomized  rats)  ad  libitum.  The  food  consumption  of  each  rat  was  recorded.  Pair 
feeding,  when  used  was  based  on  24-hour  intervals.  For  each  experiment,  groups  of 
animals  of  similar  weight  were  used.  All  operations  were  performed  under  ether  ane.s- 
thesia.  Completeness  of  thyroidectomy  was  determined  in  Fixperiment  II  by  the  use  of 
I'®‘  in  the  radioautograph  technique  of  Reinhardt  (1942).®  In  this  pai)er,  rats  were  con¬ 
sidered  to  be  completely  thyroidectomized  or  to  have  a  trace  of  thj’roid,  if  the  mean  im¬ 
age  area  on  the  two  roentgen  films  was  less  than  5  mm.®  Completeness  of  hypophysec- 
tomy  was  determined  by  examination  of  the  .sella  turcica  under  a  di.ssecting  microscope. 
Only  the  data  from  completely  hypophysectomized  rats  is  presented.  In  Experiment  V 
the  hypophy-sectomized  and  thyroidectomized  rats  were  treated  with  AT-10  daily  for 
the  first  week.  All  hypophysectomized  rats  and  their  controls  were  given  daily  subcu¬ 
taneous  injections  of  5000  units  of  penicillin. 

In  Experiment  III  plasma  volumes  were  measured  with  the  dye  T-1824.  In  all  ex¬ 
periments  tail  blood  was  obtained  for  hematocrit  and  hexosamine  determinations  as  pre¬ 
viously  described  (Boas  and  Peterman,  1953).  After  separation  on  Dowex-50  hexos- 
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amines^  were  determined  by  a  modification  of  the  method  of  Elson  and  Morgan  (Boas, 
1953).  Contrary  to  earlier  experience  we  have  noted  the  presence  of  somewhat  larger 
amounts  of  interfering  chromogens  in  plasma  hydrolysates.  They  contribute  about 
10-15%  to  the  color  produced  in  the  method  of  Elson  and  Morgan,  if  preliminary  isola¬ 
tion  of  hexosamines  on  Dowex-50  is  not  used.  Plasma  hexosamine  concentrations  were 
corrected  for  changes  in  hematocrit  (Boas  and  Peterman,  1953). 

RESULTS 

Thyroidectomy.  In  Experiment  I  three  groups  of  rats  weighing  105-132 
grams  were  used,  (1)  a  thyroidectomized  group  eating  ad  libitutn,  (2)  a 
sham  thyroidectomized  group  eating  ad  libitum,  and  (3)  a  sham  thyroidec- 


TIME  IN  DAYS 

Fig.  1.  Effect  of  thyroidectomy  and  sham-thyroidectomy  on  plasma  hexosamine  levels 
in  the  rat.  (Shaded  areas  on  curves  represent  S.E.  of  the  mean.) 

tomized  group  pair-fed  with  the  thyroidectomized  group.  One  blood  sample 
was  obtained  from  each  rat.  Five  animals  were  bled  at  the  start  of  the  ex¬ 
periment  and  4-5  animals  of  each  group  were  bled  at  4,  8,  16,  and  30  days 
post-operatively.  The  hexosamine  values  are  expressed  as  mg.  per  cent 
change  in  plasma  hexosamine  relative  to  the  control  group  (0  day).  See 
See  Figure  1.  Both  sham  operated  groups  developed  the  usual  plasma  hexos¬ 
amine  increase  in  response  to  the  stress  of  operation,  returning  towards 
normal  after  4  days.  Some  of  the  controls,  pair-fed  with  the  thyroidecto¬ 
mized  group,  developed  a  greater  secondary  lowering  in  plasma  hexosamine 

*  The  naturally  occurring  hexosamines  are  galactosamine  and  glucosamine.  The 
method  of  Elson  and  Morgan  does  not  distinguish  between  these  two  sugars. 
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probably  as  the  result  of  their  reduced  intake.  The  thyroidectomized  ani¬ 
mals,  on  the  other  hand,  developed  a  significantly  greater  and  more  sus¬ 
tained  increase  in  hexosamine  levels  than  did  either  control  group.  These 
levels  also  started  to  return  towards  normal  after  8  days. 

Since  complete  thyroidectomy  is  not  regularly  obtained  in  the  rat,  in 
Experiment  II  smaller  rats  were  thyroidectomized  and  followed  for  a 
longer  period  of  time  (40  days)  and  the  rats  separated  into  “completes” 
and  “incompletes”  on  the  basis  of  radioautographs.  This  was  done  to  as¬ 
certain  whether  the  return  towards  normal  of  the  plasma  hexosamine  level 
observed  in  Experiment  I  (Figure  1)  was  due  to  “incompleteness.”  In  Ex- 


0  5  10  20  40 

TIME  IN  DAYS 

Fig.  2.  Response  of  plasma  hexosamine  levels  relative  to  completeness  of  thyroidectomy. 

(Shaded  areas  on  curves  represent  S.E.  of  the  mean.) 

periment  II,  the  rats  were  operated  on  when  50-60  grams  in  weight.  All 
were  permitted  to  eat  ad  libitum.  The  two  groups,  thyroidectomized  (6 
rats)  and  sham  thyroidectomized  (7  rats)  were  bled  serially  at  0,  5,  10,  20, 
and  40  days.  See  Figure  2.  The  mean  food  intakes  of  the  control  rats  and 
all  the  thyroidectomized  rats  are  indicated.  At  the  termination  of  the  ex¬ 
periment  the  thyroidectomized  group  was  subdivided  into  “completes” 
(4  rats)  and  “incompletes”  (2  rats)  on  the  basis  of  radioautographs.  It  was 
evident  that  the  gradual  fall  in  plasma  hexosamine  was  due  to  incomplete¬ 
ness  of  thyroidectomy,  the  completely  thyroidectomized  rats  maintaining 
a  sustained  elevation  in  plasma  hexosamine.  The  gradual  increase  in  plas¬ 
ma  hexosamine  in  the  controls  between  10  and  40  days  occurred  during  the 
period  of  rapid  growth  (Boas  and  Peterman,  1953),  and  is  not  as  evident 
when  using  older  animals  (Fig.  1). 

It  has  been  observed  that  a  difference  in  hematocrit  between  young  thy¬ 
roidectomized  rats  and  their  age  controls  almost  invariably  appeared  at 
about  2  weeks  and  persisted  thereafter.  The  growing  controls  had  con- 
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sistently  higher  hematocrit  readings  than  the  thyroidectomized  rats.  Blood 
volume  studies  were  carried  out  to  evaluate  these  observed  differences  in 
hematocrit,  and  to  measure  hexosamine  changes  in  absolute  terms  (mg.). 

In  Experiment  III,  three  groups  of  young  rats  were  used:  A  group  stud¬ 
ied  at  the  start  of  the  experiment  and  two  groups,  thyroidectomized  and 
sham  thyroidectomized,  studied  18  days  postoperatively.  The  thyroidecto¬ 
mized  rats  were  not  carried  long  enough  to  develop  the  anemia  reported  in 
hypothyroidism  (Crafts,  1941).  The  plasma  volume*(PV),  red  cell  volume 
(RBCV)  and  total  blood  volume  (BV)  increased  in  both  groups,  but  to  dif¬ 
ferent  degrees  (Table  1).  Since  growth  of  the  thyroidectomized  animals 
was  retarded,  however,  a  comparison  between  the  absolute  amounts  of  the 
blood  components  would  not  explain  the  hematocrit  changes.  When  ex¬ 
pressed  relative  to  body  weight,  the  PV  decreased  the  same  amount  in 
thyroidectomized  and  sham  thyroidectomized  groups.  The  relative  RBCV 


Table  1.  Effect  of  thyroidectomy  on  blood  volcmb 

AND  PLASMA  HEXOSAMINE 


Control 

Sham 

thyroidectomy 

Thyroidectomy 

Pt 

Duration  of  experiment  (days) 

0 

18 

18 

No.  rats 

5 

5 

8 

Body  wt.  (riii.) 

99  ±.3* 

178  ±4 

1.37  ±4 

<0.01 

Hematocrit  (%) 

40.2  ±0.5 

45.2  ±1.1 

40.8  ±2.1 

<0.20 

PV  (ml.) 

4.78±0.26 

7.18±0.30 

5.54±0.37 

<0.01 

RBCV  (ml.) 

3.37±0.12 

6.12±0.30 

3.97±0.15 

<0.01 

BV  (ml.) 

8.15±0.37 

13.30±0.50 

9.51  ±0.39 

<0.01 

PV  (ml.)  1(X)  (?m.  B.  Wt. 

RBCV  (ml.),  100  uni.  B.  Wt. 

4.81±0.12 

4.02±0.14 

4. 05  ±0.20 

<0.50 

3.40±0.05 

3.42±0.13 

2.92±0.12 

<0.02 

BV  (ml.)/100  gm.  B.  Wt. 

8.21±0.15 

7.44±0.21 

6.97±0.20 

<0.20 

Hexosamine  (mff.  %) 

98±4 

106  ±3 

122  ±4 

<0.02 

Tctal  circulating  hex.  (mg.) 

4.71  ±0.37 

7.59±0.29 

6.75±0.37 

<0.20 

Total  circulating  hex./lOO  gm.  BW. 

4.72±0.25 

4.25±0.11 

4.94±0.22 

<0.05 

♦  S.E.  of  the  mean. 

fSham  thyroidectomy  vb.  thyroidectomy. 


was  reduced  in  the  thyroidectomized  group,  but  in  the  same  proportion  as 
the  PV  so  the  hematocrit  remained  unchanged.  The  relative  RBCV  in  the 
sham  thyroidectomized  group,  on  the  other  hand,  remained  unchanged 
while  the  relative  PV  decreased,  resulting  in  an  increased  hematocrit.  The 
higher  hematocrit  values  in  the  sham  thyroidectomized  controls  can  thus 
be  explained  on  the  basis  of  a  relatively  reduced  plasma  volume.  It  is  for 
this  reason  that  the  correction  for  hematocrit  changes  is  used  when  ex¬ 
pressing  hexosamine  levels  in  growing  rats. 

Despite  the  hematocrit  changes,  the  thyroidectomized  rats  developed  a 
significantly  greater  rise  in  plasma  hexosamine  level  (mg.  per  100  ml.)  than 
did  their  sham  thyroidectomized  controls.  Expressed  as  total  milligrams  of 
circulating  hexosamine,  the  thyroidectomized  group  had  somewhat  less 
than  the  sham  controls.  When,  however,  the  total  circulating  hexosamine 
was  expressed  relative  to  body  weight  the  thyroidectomized  group  had  sig¬ 
nificantly  higher  amounts. 

Adrenalectomy  and  Castration.  In  Experiment  IV,  three  groups  of  rats 
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weighing  95-119  grams  were  used:  (1)  5  were  sham  adrenalectomized,  (2) 
4  were  adrenalectomized,  and  (3)  4  were  castrated.  Serial  plasma  samples 
were  obtained  in  each  rat  at  intervals  for  13  days.  In  response  to  the  stress 
of  each  operation,  all  groups  showed  an  increase  in  plasma  hexosamine 
levels  which  were  not  significantly  different  from  one  another.  See  Figure 
3.  The  food  intake  was  reduced  somewhat  following  these  operations,  but 
not  enough  to  abolish  the  response  to  stress.  The  intake  of  the  sham  oper¬ 
ated  group  fell  10%  per  day  for  three  days  post -operatively;  that  of  the 
castrated  group  fell  30%  per  day  for  the  first  three  days;  and  that  of  the 
adrenalectomized  group  fell  20%  less  per  day  than  their  control  period 


Fig.  3.  Response  of  plasma  hexosamine  levels  to  castration,  adrenalectomy  and  sham- 
operation.  (Vertical  lines  refer  to  S.E.  of  the  mean.) 

intake  for  the  duration  of  the  experiment,  but  all  the  rats  gained  weight. 

Hypophysectomy.  Since  hypophysectomized  rats  eat  poorly  during  the 
immediate  post-operative  period,  it  was  not  possible  to  precisely  compare 
their  plasma  hexosamine  response  with  the  other  groups.  It  was  important 
to  know  whether  the  hexosamine  changes  were  comparable  to  those  seen 
in  thyToidectomized  rats.  In  Experiment  V,  rats  weighing  80-100  grams 
were  divided  into  three  groups:  (1)  an  hypophysectomized  group  eating 
ad  libitum  (4  rats),  (2)  a  sham-operated  group  (neck  incision)  pair-fed  with 
Group  1  (5  rats),  and  (3)  a  thyroidectomized  group  pair-fed  with  Group  1 
(4  rats).  Tail  blood  samples  were  obtained  at  0,  5, 11  and  18  days  from  each 
rat.  See  Figure  4.  Both  groups  developed  similar  increases  in  their  plasma 
hexosamine  levels  which  were  significantly  greater  than  in  the  sham-oper¬ 
ated  controls. 


310 


BOAS  AND  FOLEY 


Volume  56 


Fig.  4.  Response  of  plasma  hexosamine  levels  to  hj’pophysectomy  and  thyroidectomy. 
(Vertical  lines  refer  to  S.E.  of  the  mean;  shaded  area  represents  mean  daily  food  intake 
of  hypophysectomized  rats.) 

DISCUSSION 

The  plasma  hexosamine  levels  are  probably  a  reflection  of  the  over-all 
metabolism  of  body  hexosamines.  Whether  the  increase  in  plasma  hexosa¬ 
mine  following  stress  results  from  overproduction,  decreased  utilization,  or 
merely  a  shift  in  body  hexosamine  is  not  clear. 

The  plasma  hexosamine  levels  increased  following  adrenalectomy  and 
castration  in  a  manner  similar  to  that  seen  in  intact  operated  controls.  If 
the  mechanism  for  the  hexosamine  increases  is  the  same  in  all  these  groups, 
it  would  indicate  that  the  stress-hexosamine  response  can  occur  independ¬ 
ently  of  the  adrenal  glands  and  testes. 

Completely  thyroidectomized  animals  developed  a  significantly  greater 
and  more  sustained  elevation  of  plasma  hexosamine  levels  than  did  oper¬ 
ated  intact  controls.  Although  serum  mucoprotein  (contains  hexosamine) 
and  hexosamine  levels  are  normal  in  cases  of  mild  clinical  hypothyroidism 
(Mancini,  Garberi  and  de  la  Baize,  1951;  Boas,  Ludwig  and  Suffer,  1952), 
elevated  mucoprotein  levels  have  been  described  in  cases  of  severe  myxe¬ 
dema  (Mancini,  Garberi  and  de  la  Baize,  1951).  The  augmented  plasma 
hexosamine  response  of  thyroidectomized  rats  to  the  stress  of  operation 
might  result  from  deficiency  of  thyroid  hormone  alone,  or  from  the  removal 
of  thyroid  hormone  as  an  inhibitor  of  an  hexosamine-increasing  factor,  pos¬ 
sibly  pituitary  in  origin.  The  possible  role  of  a  thyrotrophic  hormone  frac- 
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tion  in  inducing  this  response  has  been  suggested  clinically  (Boas,  Ludwig, 
and  SofFer,  1952).  In  support  of  these  observations  is  the  demonstration 
that  the  hexosamine  content  of  oribtal  connective  tissue  of  the  guinea  pig 
increases  in  myxedema  induced  by  thyrotrophic  hormone  (Ludwig,  Boas, 
and  Soffer,  1950).  If  these  observations  were  true  in  the  rat,  it  would  be 
expected  that  the  increase  in  plasma  hexosamine  would  be  absent  in  the 
hypophysectomized  animal.  This  was  not  the  case  in  the  rat.  Hypophysec- 
tomy  resulted  in  increase  in  plasma  hexosamine  similar  to  that  seen  follow¬ 
ing  thy  roidectomy.  In  contrast  to  the  abrupt  increase  seen  in  intact  stressed 
rats  the  increase  in  plasma  hexosamine  was  somewhat  delayed  in  the  hy¬ 
pophysectomized  rats  and  the  thyroidectomized  rats  pair-fed  with  them. 
This  was  probably  due  to  the  fact  that  hypophysectomized  rats  eat  poorly 
during  the  immediate  post-operative  period,  and  a  decreased  food  intake 
will  reduce  the  plasma  hexosamine  response  to  stress  (Boas  and  Peterman, 
1953).  If  it  is  assumed  that  plasma  hexosamine  levels  are  responsive  to  the 
same  mechanisms  in  both  of  these  groups,  it  would  suggest  that  the  aug¬ 
mented  increase  in  plasma  hexosamine,  following  either  thyroidectomy  or 
hypophysectomy,  does  not  result  from  the  activity  of  some  pituitary  factor 
but  rather,  is  simplv  the  result  of  thvroid  hormone  deficiencv. 

SUMMARY 

Either  thyToidectomy  or  hypophysectomy^  is  followed  by  an  increase  in 
plasma  hexosamine  level  which  is  higher  and  more  sustained  than  that  fol¬ 
lowing  a  sham  operation. 

Plasma  hexosamine  levels  increase  to  the  same  degree  in  response  to  the 
stress  of  sham-operation,  adrenalectomy',  and  castration. 

There  are  no  significant  changes  in  relative  plasma  volume  (ml.  per  100 
gm.  body'  weight)  18  days  following  thyroidectomy,  whereas  sham-oper¬ 
ated  control  rats  demonstrate  a  relative  decrease  in  plasma  volume  with 
growth. 
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MODE  OF  ACTION  OF  THE  HYPERGLYCEMIC- 
GLYCOGENOLYTIC  FACTOR  FROM  URINE' 

FRANCISCO  MOYA 

Department  of  Biochemistry,  Victoria  General  Hospital,  and  the  Department  of 
Medicine,  Dalhousie  University,  Halifax,  Xova  Scotia,  Canada 

INTRODUCTION 

The  hyperglycemic  and  glycogenolytic  properties  of  a  urinary  extract 
have  been  shown  to  be  due  partially,  if  not  entirely,  to  the  presence  of 
a  factor  other  than  pancreatic  glucagon  (Moya  and  Hoffman,  1954).  Fur¬ 
ther,  this  urinary  preparation  was  found  to  stimulate  glycogenolysis  by 
liver  homogenates,  a  property  not  shared  by  either  glucagon  or  epinephrine 
(Moya,  et  al.,  1954;  Sutherland  and  Cori,  1951).  The  present  study  was 
undertaken  in  an  attempt  to  determine  the  site  of  action  of  the  urinary  fac¬ 
tor  in  the  chain  of  enzymatic  reactions  leading  from  liver  glycogen  to  glu¬ 
cose.  The  experiments  reported  below  show  that  this  factor  contains  an 
amylase  which  accounts  for  at  least  part  of  its  glycogenolytic  activity. 

METHODS 

Male  New  Zealand  white  rabbits  weighing  between  2  and  4  kg.  were  used;  all  animals 
were  fed  the  same  commercial  diet  (Purina).  The  hyj)erglycemic  activity  of  the  urinarj- 
extract  was  tested  by  injecting  the  desired  dose  of  extract  dissolved  in  2  ml.  of  isotonic 
phosphate-buffered  saline  (pH  7.4),  prepared  as  described  below.  The  glycogenolytic 
activity  was  studied  by  incubating  liver  slices  or  homogenates  in  vitro  in  open  test  tubes 
(150  mm.  X22  mm.  inside  diameter),  air  being  the  gas  phase.  The  tubes  were  shaken  at 
the  rate  of  120  oscillations  per  minute  in  a  water  bath  at  37°  C.  Unless  otherwise  stated 
the  incubation  medium  was  prepared  by  mixing  5  parts  of  isotonic  saline  with  one  part 
of  0.11  M  potassium  phosphate  buffer  (pH  7.4).  Tissue  slices  were  prepared  with  the  aid. 
of  a  Stadie-Riggs  microtome  and  single  slices  weighing  60  to  90  mg.  were  incubated  in 
1.2  ml.  of  fluid.  Tissue  suspensions  were  prepared  in  conventional  glass  homogenizers 
and  the  final  fresh  tissue  concentration  was  50  mg.  per  1.2  ml.  of  suspension.  Glucose  was 
determined  by  the  method  of  Nelson  (1944)  using  Folin-Wu  sugar  tubes.  Tissue  glyco¬ 
gen  was  separated  and  hydrolyzed  by  the  method  of  Good,  Kramer  and  Somogyi  (1933); 
the  glucose  content  of  the  glycogen  hydrolysate  was  determined  by  the  method  of  Nel¬ 
son,  using,  as  reference,  standard  glucose  solutions  containing  the  same  acid  concentra¬ 
tion  as  the  diluted  glycogen  hydrolysate.  All  glycogen  values  will  be  expressed  as  glucose 
equivalents.  The  urinary  extract  was  prepared  as  follows:  a  24-hour  specimen  of  urine 
was  refrigerated  during  the  time  of  collection,  filtered  and  the  pH  of  the  filtrate  adjusted 
to  5  with  10%  hj'drochloric  acid,  two  volumes  of  95%  ethanol  were  added  and  the  mix¬ 
ture  stood  at  4°  C.  for  24  hours.  The  precipitate  was  collected  by  centrifugation,  sus- 
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pended  in  100  ml.  distilled  water  and  stirred  mechanically  for  30  minutes.  The  insoluble 
material  was  removed  by  filtration  and  di.scarded;  the  filtrate  was  dialyzed  for  24  hours 
against  running  cold  water  and  24  hours  against  distilled  water  with  repeated  changes. 
The  lyophilized  impermeate  will  be  referred  to  as  the  alcohol  precipitate  from  urine 
(APU). 


RESULTS 

Hyperglycemic  Effect  of  APU 

The  intravenous  administration  of  APU  to  raldnts  in  doses  of  1  or  5  mg. 
per  kilogram  of  body  weiglit  resulted  in  an  increase  of  the  blood  sugar  con¬ 
centration  (Fig.  1).  As  a  rule  from  80  to  100  mg.  APU  were  obtained  from 


Fig.  1.  Blood  sugar  changes  following  intravenous  injection  of  urinary  extract  (APU) 
into  normal  rabbits.  Injections  were  given  at  zero  time. 

a  24-hour  specimen  of  urine.  It  is  apparent  that  the  hyperglycemic  activity 
previously  found  in  crude  urinary  concentrates  is  not  lost  in  the  process 
of  purification  used  to  prepare  APU. 

Glucose  Output  from  Rabbit  Liver  Homogenates 

The  addition  of  minute  amounts  of  APU  to  liver  homogenates  induced 
an  increase  in  the  output  of  reducing  matter  as  measured  bj'  Nelson’s  glu¬ 
cose  method.  Figure  2  illustrates  how  this  increase  varies  with  the  time  of 
incubation  at  two  different  dose  levels  of  APU.  It  can  be  seen  that  at  the 
higher  dose  level  (200  /ig. /ml.),  increasing  the  time  of  incubation  causes 
the  release  of  smaller  amounts  of  reducing  substances  presumably  because 
the  glycogen  content  of  the  tissue  is  being  exhausted. 

When  very  high  doses  of  .APU  (100  /ig./ml.  incubating  fluid)  were  added 
to  liver  homogenates  it  was  found  that  as  a  rule  all  the  glycogen  in  the  tis¬ 
sue  disappeared  in  the  course  of  a  sixty-minute  incubation.  This  is  illus¬ 
trated  by  the  experiments  presented  in  Figure  3.  The  figures  in  brackets  at 
the  extreme  right  of  each  curve  represent  the  initial  glycogen  concentra- 
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Fig.  2.  Time  curve  of  glycogenolytic  effect  of  urinary  extract  (APU)  on  homogenates 
of  rabbit  liver.  Dose  of  APU  in  ng.  per  ml.  incubation  fluid  is  indicated  for  each  curve. 

tion  for  that  tissue  preparation.  It  can  be  seen  that  in  each  instance  the 
maximal  glycogen  disappearance  is  identical  to  the  initial  glycogen  concen¬ 
tration  at  the  beginning  of  incubation. 

Site  of  Action 

Four  enzymes  take  part  in  the  complete  degradation  of  glycogen  to  glu¬ 
cose  ; 


Glycogen  -|-  P()4 


I 

(phpsphorylase) 

(amylo-l ,  (i-glucosidase) 

II 


glucose-l-P 


III 

(phosphoglucomutase) 


IV 

(phosphatase) 

glucose-6-P - >  glucose. 

To  test  the  possibility  that  APU  increased  glycogen  disappearance  by 
stimulating  either  reaction  III  or  IV  in  the  scheme  above,  glucose-l-phos- 
phate  or  glucose-6-phosphate  was  added  to  liver  homogenates  in  the  pres¬ 
ence  or  absence  of  APU  and  the  glucose  output  measured  after  incubation. 


Table  1.  Effect  of  added  glucose-1-phosphate  and  glucose-6-phosphate  on  glyco¬ 
genolytic  ACTION  OF  URINARY  EXTRACT  (APU)  ON  LIVER  HOMOGENATES 
Values  are  averages  of  duplicate  determinations 


1 

Additions  per  tube  1 

1 

Glucose  output 
per  gm.  liver 

Glucose  output 
per  gm.  liver 
minus  control 

None 

mg. 

mg. 

3.0 

APU,  12  Mg. 

18.6 

15.6 

Glucose-l-phosphate,  10  mg. 

28.5 

Glucose-l-phosphate,  10  mg.  +  APU,  12  Mg. 

43.9 

15.4 

Glucose-6-phosphate,  10  mg. 

!  28.9 

Glucose-6-phosphate,  10  mg.  4-APU,  12  Mg- 

45.1 

1 

16.2 

March,  1956  GLYCOGENOLYSIS  BY  URINARY  EXTRACTS 


GLYCOGEN  »» 
60 

DISAPPEARANCE  -jq 
(AS  GLUCOSE  >  00 


pG.  /  ML. 


10  20  30  40  60  60  70  60  00  100 


Fig.  3.  Dose-response  curves  of  glycogenol3’tic  effect  of  urinarj’  extract  (APU)  on 
homogenates  of  rabbit  liver.  The  dose  of  APU  is  indicated  in  abscissa.  Initial  glj'cogen 
concentration  at  the  beginning  of  incubation  is  indicated  in  parentheses  for  each  homo¬ 
genate  at  extreme  right  of  curve. 

The  results  presented  in  Table  1  show  that  the  presence  of  excessive 
amounts  of  either  phosphate  ester  did  not  alter  the  increase  in  glucose  out¬ 
put  produced  by  APU.  The  amounts  of  each  substrate  added  were  known 
to  be  insufficient  to  saturate  either  mutase  or  phosphatase  under  the  ex¬ 
perimental  conditions  used.  It  is  concluded  that  APU  does  not  accelerate 
the  action  of  either  one  of  these  two  enzymes  in  liver  homogenates. 

In  an  effort  to  determine  whether  APU  stimulated  either  reaction  I  or 
II,  liver  homogenates  were  incubated  with  increasing  amounts  of  glucose-1- 
phosphate,  since  it  was  expected  that,  in  the  event  of  such  a  stimulation, 


Fig.  4.  Glycogenolytic  effect  of  urinarj-  extract  (APU)  on  rabbit  liver  homogenate  in 
the  presence  of  glucose-l-phosphate.  The  concentrations  of  ester  were  chosen  in  the 
vicinitj'  of  50  mg.  per  50  mg.  of  tissue,  which  was  the  concentration  resulting  in  maximal 
glucose  output  in  the  absence  of  APU. 
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the  increase  in  glucose  output  due  to  APU  would  disappear  if  sufficient 
ester  were  added  to  saturate  either  of  the  enzymes  involved  in  its  conver¬ 
sion  to  glucose.  In  the  absence  of  APU  the  glucose  output  of  liver  homog¬ 
enates  increased  with  the  amount  of  glucose-l-phosphate  present  up  to  a 
concentration  of  approximately  50  mg.  of  ester  per  50  mg.  of  tissue.  It  can 
be  seen  from  Figure  4  that,  although  no  further  increase  in  glucose  forma¬ 
tion  was  obtained  by  increasing  the  concentration  of  ester  from  50  to  60 
mg.,  indicating  that  saturation  of  the  enzyme  system  had  been  accomp¬ 
lished,  APU  succeeded  nonetheless  in  exerting  its  glycogenolytic  effect. 
Since  APU  had  previously  been  shown  (Table  1)  to  have  no  action  on  the 
formation  of  glucose  from  glucose-l-phosphate,  this  effect  could  not  be  due 
to  stimulation  of  reactions  III  or  IV.  Further,  the  increase  in  glucose  out¬ 
put  found  by  adding  APU  to  a  homogenate  saturated  with  glucose-1 -phos- 


Fig.  5.  Glycogenolytic  effect  of  urinary  extract  (APU)  on  rabbit  liver  homogenates  in 
the  presence  of  glucose-l-i)hosphate.  The  concentrations  of  ester  chosen  are  in  excess  of 
saturation  value  for  this  tissue  preparation. 

phate  could  not  be  due  to  the  stimulation  of  reactions  I  or  II,  since  this 
would  result  in  nothing  more  than  a  relatively  small  additional  increase  in 
phosphate  ester. 

Concentrations  of  glucose-l-phosphate  higher  than  the  saturation  value 
inhibited  the  glucose  output  of  homogenates;  however,  even  under  these 
conditions  the  increased  glycogenolysis  due  to  APU  was  not  abolished. 
These  observations  are  presented  in  Figure  5. 

It  should  be  pointed  out  that  the  response  to  APU  was  consistently 
found  to  be  greatest  in  the  absence  of  added  glucose-l-phosphate  and  to  de¬ 
crease  somewhat  with  increasing  ester  concentrations  below  the  satura¬ 
tion  level.  At  concentrations  of  glucose-l-phosphate  of  0,  10,  30,  40,  50  and 
60  mg.  per  50  mg.  fresh  tissue,  the  glycogenolytic  action  of  APU  was  found 
to  be,  respectively,  9.6,  9.5,  8.1,  5.0,  5.0  and  4.9  mg.  glucose  per  gm.  liver. 

From  these  experiments  it  was  concluded  that  APU-induced  glycogen- 
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olysis  in  liver  homogenates  must  have  been  at  least  partly  independent  of 
the  phosphorolytic  chain  of  reactions  presented  above. 

To  test  this  conclusion  liver  slices  were  incubated  with  and  without  APU 
in  the  presence  or  absence  of  fluoride.  Since  this  ion  is  known  to  inhibit  the 
action  of  phosphoglucomutase  it  was  expected  that  APU-induced  glyco- 
genolysis  would  not  be  affected  liy  fluoride,  if  it  were  not  mediated  by  the 
phosphorolytic  system  of  enzymes.  As  a  positive  control  to  this  experi¬ 
mental  arrangement,  other  slices  from  the  same  liver  were  incubated  with 
glucagon*  which  is  known  to  increase  glycogenolysis  by  stimulating  phos- 
phorylase  action.  From  the  representative  experiment  presented  in  Figure 
6  it  can  be  seen  that,  under  the  experimental  conditions  employed,  0.1  M 
fluoride  completely  inhibited  the  additional  glycogenolysis  produced  by 


Fig.  6.  Glucose  output  of  liver  slices  incubated  with  or  without  urinary  extract  (APU) 
or  glucagon  (G)  in  the  presence  or  absence  of  fluoride.  The  height  of  each  bar  represents 
the  average  output  of  three  slices.  The  shaded  areas  represent  the  glucose  output  of  three 
other  slices  incubated  in  the  presence  of  0.1  M  fluoride.  Two  series  of  twelve  slices  were 
cut  from  the  same  liver.  One  series  served  to  test  APU  and  the  other  glucagon;  separate 
control  determinations  with  and  without  fluoride  were  done  for  each  series.  The  differ¬ 
ence  in  height  between  the  pair  of  bars  on  the  right  gives  the  response  to  APU ;  the  dif¬ 
ference  between  the  shaded  areas  of  these  two  bars  gives  the  response  to  APU  in  the 
presence  of  fluoride.  The  response  to  glucagon  can  be  found  in  a  similar  manner  from  the 
pair  of  bars  on  the  left. 

glucagon,  but  only  inhibited  the  additional  glycogenoly.sis  due  to  APU  by 
47%.  In  three  other  .similar  experiments  the  presence  of  fluoride  reduced 
the  respon.se  to  APU  by  24,  25  and  62%  respectively. 

These  experiments  on  slices  support  the  conclusion  that  glycogenolysis 
due  to  APU  is  to  a  large  extent  independent  of  the  phosphorolytic  chain 
of  reactions  involved  in  the  degradation  of  glycogen  to  glucose. 

Amylolytic  Activity  of  APU 

In  earlier  experiments  it  had  been  found  that,  in  the  absence  of  tissue, 
APU  had  no  action  on  glycogen  solutions  (Moya,  et  al.,  1954).  The  incuba- 

*  Kindly  supplied  by  Dr.  O.  K.  Behrens,  Lilly  Research  Laboratories. 
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Table  2.  Effect  of  APU  on  glycogen  solution 
One  hour  incubation  at  37°  C.  All  values  are  averages  of  triplicate  determinations 
and  are  expressed  as  total  glucose  per  incubation  tube 


Glycogen  | 

Amount 

Decrease 

Initial 

No  treatment 

APU  (20  A.g./ml.) 

mg. 

5.30 

5.30 

2.70 

mg. 

0.06 

2.66 

Per  cent  of  Initial 

1.1 

49.7 

Reducing  matter  as  glucose 

Amount 

Increase 

mg. 

Per  cent  of  Initial  Glycogen 

No  treatment 

0 

— 

APU  (20  Mg./ml.) 

0.71 

13.3 

tion  mixture  used  in  these  experiments  had  been  composed  of  glycogen, 
APU,  phosphate  buffer  and  adenylic  acid.  Since  it  seemed  likely  that  APU- 
induced  glycogenolysis  could  be  due  to  the  presence  of  urinary  amylase  it 
was  decided  to  reinvestigate  this  question,  incubating  APU  and  glycogen 
in  phosphate-buffered  saline  instead  of  phosphate  buffer  alone  as  previously 
done. 

The  experiment  presented  in  Table  2  shows  that,  in  the  presence  of  chlor¬ 
ide,  APU  reduced  the  glycogen  content  of  the  incubation  mixture  with  the 
simultaneous  formation  of  reducing  matter  in  the  absence  of  hepatic  tissue. 
These  results  are  interpreted  to  mean  that  APU  contains  urinary  amylase. 

Further  evidence  showing  that  APU  contains  amylase  was  obtained  by 
determining  the  pH  of  optimal  activity  of  APU  with  and  without  the  addi¬ 
tion  of  chloride  ion.  It  is  apparent  from  Figure  7  that  in  the  absence  of 


Fig.  7.  Amylase  activity  of  urinary  extract  (APU)  at  different  hydrogen  ion  concen¬ 
trations  with  and  without  added  chloride.  Final  concentrations:  phosphate,  18  mM; 
chloride,  58  mM;  soluble  starch,  5  mg.  per  ml.;  APU,  20  jug.  per  ml.  in  presence  of  chlor¬ 
ide  and  200  jxg.  per  ml.  in  absence  of  chloride. 
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chloride,  APU  activity  is  markedly  decreased  since  a  concentration  ten 
times  higher  is  required  to  obtain  a  maximal  formation  of  reducing  sub¬ 
stances  comparable  to  the  optimal  effect  observed  in  the  presence  of  chlor¬ 
ide.  The  optimal  pH  found  in  the  presence  of  chloride  (6.9-7. 1)  is  in  agree¬ 
ment  with  the  findings  of  Somogyi  (1940)  for  urinary  amylase,  whereas  the 
shift  in  optimal  pH  to  a  value  of  5.8  to  6.0  in  the  absence  of  chloride  con¬ 
curs  with  the  observation  of  Dodds  (1922)  who  found  maximal  activity  at 
pH  6.1. 

In  the  absence  of  hepatic  tissue  0.1  AI  fluoride  reduced  the  activity  of 
APU  by  approximately  10%  in  a  medium  containing  chloride  (58  mM), 
phosphate  (18  m^I)  and  glycogen  (0.4%)  at  pH  7.4.  Rockwood  (1919)  has 
reported  that  salivary  amylase  is  inhibited  by  0.01  M  sodium  fluoride  to 
the  extent  of  64%  in  the  absence  of  chloride  or  buffer. 

DISCUSSION 

The  hyperglycemia  which  has  been  observed  in  intact  rabbits  after  in¬ 
travenous  injection  of  the  urinary  extract,  as  well  as  the  glycogenolytic  ef¬ 
fect  of  this  preparation  on  liver  slices  and  homogenates,  appear  to  be  due 
to  the  presence  of  urinary  amylase.  This  interpretation  accounts  for  the 
previous  observation  (Moya,  et  al.,  1954)  that  the  urinary  extract  could  in¬ 
duce  an  increase  in  “glucose”  output  by  liver  slices  without  causing  a  con¬ 
comitant  decrease  in  glycogen  content,  since  the  increase  in  reducing  mat¬ 
ter  in  the  medium  under  the  influence  of  amylase,  although  derived  from 
cellular  glycogen,  does  not  prevent  the  tissue  from  carrying  on  active  gly¬ 
cogen  synthesis  through  the  phosphorolytic  chain  of  reactions.  It  has  been 
shown  that  the  intravenous  administration  of  pancreatic  amylase  does  not 
result  in  hyperglycemia  (Wilson  and  Strieck,  1932);  this  indicates  that  the 
hyperglycemic  activity  of  urinary  amylase  may  be  a  characteristic  prop¬ 
erty  not  necessarily  shared  by  all  other  enzymes  of  the  same  family.  As 
yet  it  is  not  known  whether  the  increase  in  blood  reducing  matter  observed 
following  intravenous  injection  of  urinary  extract  in  intact  animals  is  due 
exclusively  to  glucose,  or  to  maltose  and  other  small  molecular  weight 
polysaccharides. 

There  is  evidence  in  the  literature  that  hepatic  amylolytic  activity  may 
occur  in  vivo.  Taubenhaus  and  8oskin  (1942)  have  shown  that  following  the 
administration  of  diphtheria  toxin  to  dogs,  hepatic  glycogenolysis  was  in¬ 
creased  although  phosphorolysis  was  decreased.  These  changes  were  ac¬ 
companied  by  the  appearance  of  an  abnormal  polysaccharide,  different 
from  glycogen,  and  not  present  in  normal  liver.  These  authors  concluded 
that  the  administration  of  diphtheria  toxin  resulted  in  an  abnormal  glyco¬ 
genolytic  pathway  due  to  amylase  activity. 

Urinary  amylase  appears  to  be  derived  from  blood  serum  amylase  (Gray 
and  Somogyi,  1937).  The  origin  of  the  enzyme  normally  present  in  serum 
is  not  known,  but  there  is  evidence  that  it  does  not  originate  in  the  salivary 
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glands  or  the  pancreas  (Somogyi,  1941).  Preliminary  experiments  by  the 
writer  have  shown  that  partial  hepatectomy  on  the  rat  does  not  alter  the 
serum  amylase  level,  an  observation  previously  made  on  the  dog  by  Mann 
and  his  associates  (1952). 

It  is  not  known  at  present  to  what  extent  serum  amylase  influences  liver 
glycogen  stores  in  physiological  or  pathological  conditions,  but  the  experi¬ 
ments  presented  in  this  paper  indicate  that  such  an  influence  may  exist. 
It  is  interesting  that  an  enzyme  of  a  type  generally  considered  to  be  extra¬ 
cellular  in  action  should  be  able  to  enter  the  hepatic  parenchymal  cell  and 
act  upon  an  intracellular  substrate. 
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Addendum 

Note  added  in  i)roof:  Preliminary  experiments  have  shown  that  APU  is  a  hypotensive 
agent.  Work  now  in  progress  is  directed  at  determining  whether  the  hyperglycemic  effect 
of  APU  might  not  be  a  secondary  action  resulting  from  the  endogenous  release  of  epi¬ 
nephrine  following  the  decrease  in  blood  pressure. 

SUMMARY 

1.  The  intravenous  administration  to  rabbits  of  a  urinary  extract  pre¬ 
pared  from  normal  human  urine  produces  hyperglycemia.  The  doses  em¬ 
ployed  (1  or  5  mg.  per  kg.  body  weight)  correspond  to  a  small  fraction  of 
the  daily  output  by  normal  individuals. 

2.  The  urinary  extract  stimulates  glycogenolysis  by  liver  homogenates, 
and  in  sufficiently  high  doses  (100  )ug.  per  50  mg.  of  tissue)  induces  com¬ 
plete  disappearance  of  tissue  glycogen. 

3.  Evidence  is  presented  indicating  that  at  least  part  of  the  increased 
glycogenolysis  found  in  homogenates  treated  with  the  urinary  extract  is 
not  due  to  stimulation  of  phosphorylase,  amylo-l,6-glucosidase,  phospho- 
glucomutase  or  glucose-6-phosphate  phosphatase. 

4.  Fluoride  (0,1  M),  which  completely  inhibits  the  increased  glycogen¬ 
olysis  elicited  by  glucagon  in  liver  slices,  does  not  completely  inhibit  the 
glycogenolytic  action  of  the  urinary  extract. 

5.  The  extract  has  been  .shown  to  contain  urinary  amylase. 

6.  It  is  tentatively  concluded  that  serum  amylase  may  influence  the  con¬ 
centration  of  hepatic  glycogen  in  physiological  or  pathological  states. 
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THE  CONTENT  OF  ADRENOCORTICOTROPIC  HORMONE 
IN  THE  PANTOTHENIC  ACID-DEFICIENT 
FEMALE  RAT' 

LILLIAN  C.  BUTLER2  and  AGNES  FAY  MORGAN 

Department  of  Home  Economics,  University  of  California,  Berkeley 

MARKED  adrenal  insufficiency  occurs  in  the  pantothenic  acid-defi¬ 
cient  animal.  Some  of  the  findings  which  led  to  this  conclusion  were 
based  upon  the  inability  to  raise  the  blood  sugar  and  liver  glycogen  (Hurley 
and  Morgan,  1952),  the  absence  of  the  lymphopenic  and  eosinopenic  re¬ 
sponses  (Winters  et  al.,  1952a),  the  decreased  resistance  to  water  intoxifica- 
tion  (Gaunt  et  al.,  1946)  and  the  morphological  and  histochemical  changes 
in  the  adrenal  cortex  (Deane  and  McKibben,  1946). 

Tests  previously  employed  in  the  pantothenic  acid-deficient  animal  have 
necessitated  the  presence  of  a  functional  adrenal  cortex  in  order  to  evaluate 
the  pituitary  adrenocorticotropic  hormone  (ACTH)  activity  (Winters  et 
al.,  1952a,  Winters  et  al.,  1952b;  Dumm  and  Ralli,  1954).  Consequently 
there  has  been  considerable  speculation  but  no  direct  evidence  concerning 
the  pituitary  production  and  release  of  adrenocorticotropic  hormone  in  the 
deficient  animal. 

The  present  paper  reports  a  study  designed  to  determine,  independent 
of  the  adrenal  cortex,  the  quantity  of  ACTH  in  the  pituitary  and  blood 
of  the  pantothenic  acid-deficient  female  rat.  The  specific  and  sensitive 
method  of  Sayers  et  al.  (1948)  for  determining  ACTH  was  used. 

METHODS 

Since  our  laboratory  has  demonstrated  that  an  early  and  severe  adrenal  insufficiency 
was  induced  in  Long-Evans  young  rats  by  feeding  them  and  their  mothers  a  diet^  defi¬ 
cient  in  calcium  pantothenate  14  to  15  days  after  parturition  (Hurley  and  Morgan, 
1952),  this  method  was  employed  in  the  present  investigation.  At  21  days  of  age  the 
females  were  placed  in  individual  metabolic  cages.  The  deficient,  pair  fed  and  ad  libitum 
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*  The  diet  contained  36%  casein,  9%  hydrogenated  vegetable  oil,  4%  salt  mix 
(Hubbell  et  al.,  1937),  and  51%  sucrose.  Vitamins  were  added  directly  to  the  diet  in  the 
following  amounts  in  mg.  per  kg.  diet,  2.0  each  of  thiamine,  folic  acid  and  pyridoxine, 
4.1  of  riboflavin,  6.7  of  niacin,  10  of  paraminobenzoic  acid,  254  of  inositol,  0.22  of  biotin, 
1000  of  choline  and  5.0  of  2,  methjd-naphthaquinone.  In  addition  there  was  added  an  oil 
mix  containing  1000  i.u.  vitamin  A,  100  i.u.  vitamin  D  and  10  mg.  mixed  tocopherols. 
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groups  were  fed  the  same  purified  diet.^  Calcium  pantothenate  was  omitted  from  the 
vitamin  mixture  given  to  the  deficient  group.  Each  pair  fed  animal  was  restricted  to  the 
quantity  of  food  consumed  by  its  deficient  littermate.  At  50  days  of  age  the  animals  were 
anesthetized  with  ether. 

After  the  blood  had  been  withdrawn  from  the  vena  cava  into  a  heparinized  syringe, 

4  volumes  of  glacial  acetic  acid  were  immediately  added.  The  oxycellulose  method  was 
employed  to  extract  ACTH  from  the  pooled  blood  samples  (Syndor  and  Sayers,  1952). 
The  anterior  pituitary  was  quickly  removed,  weighed,  frozen  in  dry  ice  and  lyophylized 
(Burns  et  al.,  1949). 

Injected  Material 

The  U.S.P.  provisional  corticotropin  reference  standard  was  dissolved  in  hydro¬ 
chloric  acid  at  a  pH  of  3.0.  Homogenized  and  centrifuged  pituitary  extracts  were  pre¬ 
pared  in  hydrochloric  acid  at  a  pH  of  3.0  so  as  to  contain  the  equivalent  of  0.08  mg.  of 
dry  pituitary  per  ml.  The  lyophylized  blood  extracts  were  dissolved  in  distilled  water  so 
that  the  solutions  contained  the  equivalent  of  24  ml.  of  blood  per  ml.  Only  freshly  pre¬ 
pared  solutions  were  administered;  frozen  solutions  stored  longer  than  24  hours  were  dis¬ 
carded. 

Bioassay  Technic 

Twenty-four  hours  following  hypophysectomy,  40-day  old  Long-Evans  male  rats 
were  anesthetized  with  sodium  pentobarbital  and  the  left  adrenal  was  excised.  The  test 
solution  (0.5  ml.  per  100  gm.  of  body  weight  of  the  assay  animal)  was  administered  via 
the  expo.sed  inguinal  vein.  One  hour  later  the  right  adrenal  was  removed.  Immediately 
after  each  adrenal  was  extiri)ated  it  was  weighed  and  homogenized  with  4%  trichloro¬ 
acetic  acid.  The  ascorbic  acid  was  determined  by  the  2,4-dinitrophenylhydrazine  method 
and  exi)ressed  in  terms  of  mg.  per  100  gm.  of  fresh  adrenal.  The  ascorbic  acid  depletion, 
(AAD),  shown  by  the  difference  in  ascorbic  acid  content  between  the  left  and  right  ad¬ 
renals,  was  evaluated  in  terms  of  the  logarithm  of  the  hormone  dose  administered. 

RESULTS 

Dose-Response  of  U.S.P.  Provisional  Corticotrophin  Reference  Standard 

The  solid  line  in  Figure  1  represents  the  mean  dose-response  at  four  dose 
levels  of  ACTH;  the  broken  lines  are  its  confidence  limits  when  p  =  .01. 
The  average  AAD  of  8  bioassay  animals  is  represented  by  each  of  three  of 
the  circles,  the  remaining  value  at  the  4,0  /xg.  dose  level  of  ACTH  repre¬ 
sents  the  mean  response  of  7  animals.  The  statistical  method  of  Bliss 
(Gyorgj',  1951)  was  employed  for  the  data.  An  analysis  of  variance  demon¬ 
strated  that  p<.01  for  the  F  ratios  of  the  variation  about  the  slope  of  the 
line,  B^/A,  and  the  scatter  of  the  dose  means  about  the  line,  A/s^.  The 
standard  deviation,  s,  equals  34.61,  and  the  slope  of  the  line,  b,  is  99.88. 
These  values  compare  favorably  with  those  obtained  by  Sayers  et  al.  (1948). 

*  The  regimen  supplied  22%  casein,  9%  hydrogenated  vegetable  oil,  4%  salt  mix 
(Hubbell  et  at.,  1937)  and  65%  sucrose.  Vitamins  were  fed  three  times  weekly  in  in¬ 
dividual  cups  supplying  each  rat  daily  the  following  amounts,  20  yg.  each  of  thiamine, 
folic  acid  and  pyridoxine,  40/xg.  riboflavin,  100  /xg.  each  of  calcium  pantothenate  and 
paraminobenzoic  acid,  66  /xg.  niacin,  2.5  mg.  inositol,  2  /xg.  biotin,  10  mg.  choline  and 
50  /xg.  2,  methyl-naphthaquinone. 
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100  Gm.  Body  Weight 

Fig.  1.  Relationship  of  ascorbic  acid  depletion  of  adrenal  glands  of  assay  rats  to  dosage 
of  provisional  corticotropin  reference, standard  administered. 

Pituitary  ACTH  Content 

Table  1  gives  the  average  AAD  values  for  the  deficient,  pair  fed,  and  ad 
libitum  groups.  When  the  average  AAD  response  for  each  group  is  located 
on  the  slope  of  the  mean  dose-response  line  in  Figure  1,  it  is  evident  from 
the  overlapping  of  the  confidence  limits  that  these  three  ascorbic  acid  de¬ 
pletion  values  could  have  resulted  from  the  same  dose  of  ACTH.  It  is  con¬ 
cluded,  therefore,  that  the  amount  of  ACTH  per  0.04  mg.  of  dry  pituitary 
was  the  same  for  the  deficient,  pair  fed  and  ad  libitum  groups.  The  total 
quantities  of  ACTH  per  average  weight  of  pituitary  in  the  three  groups 
were  also  equal  (Table  1). 

Table  1.  ACTH  conte.vt  of  the  pituitary  of  the  pantothenic 

ACID-DEFICIENT  RAT 


No.  of 

pituitaries  of 
Experimental  experimental 
group  rats  in 

sample 

No.  of 
bioassay 
rats 

Average  weight  of 
pituitaries  of 
experimental  rats 

-Vscorbic 
acid  deple¬ 
tion  of 
pituitaries, 
mg./ 100  gm. 

Average 

ascorbic 

acid 

depletion, 
mg./lOO  gm. 

ACTH 
per  0.4  mg. 
pituitary, 
tig- 

Wet,  mg. 

Dry,  mg. 

Deficient 

4 

5 

2.72±  .094* 

.547 

172 

153 

4.3.3t 

4 

9 

162 

4 

5 

117 

Pair  fed 

4 

5 

2.85±  .547 

.547 

130 

145 

3.54 

4 

6 

145 

4 

5 

159 

Ad  Libitum 

5 

7 

6.47 ± .348 

.982 

132 

125 

2.27 

2 

4 

159 

2 

6 

93 

*  Average  value  for  33  animals  ±  standard  error, 
t  Average  value  for  33  animals. 
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ACTH  Content  of  Venons  Blood 

No  differences  in  the  average  AAD  values,  +26  (7  assay  animals)  and 
+34  (5  assay  animals),  for  the  pantothenic  acid-deficient  and  ad  libitum 
groups  respectively  were  noted  following  the  administration  of  12  ml. 
equivalents  of  blood  per  100  gm.  body  weight.  Significant  positive  adrenal 
ascorbic  acid  depletion  values  have  been  demonstrated  to  result  from  the 
administration  of  extremely  minute  quantities  of  ACTH  by  Hamberger 
(1952).  He  has  shown  that  this  phenomenon  was  caused  by  a  larger  diminu¬ 
tion  in  the  weight  of  the  adrenal  than  in  its  total  ascorbic  acid  concentra¬ 
tion. 

The  positive  AAD  values  found  in  venous  blood  indicated  considerably 
smaller  quantities  than  0.04  Mg*  of  ACTH  per  ml.  of  blood  occurred  in  the 
deficient  and  ad  libitum  groups. 

DISCUSSION 

Neither  excessive  nor  diminished  amounts  of  ACTH  in  the  pituitary 
and  blood  were  evidenced  in  the  non-stressed  pantothenic  acid-deficient 
animal  since  equal  amounts  of  the  hormone  were  found  in  the  controls. 
These  findings  do  not  support  the  .suggestion  of  Schultz  et  al.,  (1952)  that 
a  progressively  increasing  output  of  ACTH  is  a.ssociated  with  the  gradually 
decreasing  secretion  of  the  adrenal  cortical  hormones  during  the  course  of 
pantothenic  acid  deficiency.  Under  the  experimental  conditions  employed, 
the  results  indicated  no  dysfunction  of  ACTH  elaboration  or  secretion  and 
appeared  to  eliminate  the  pituitary  as  the  primary  site  of  the  adrenal  dys¬ 
function  in  the  pantothenic  acid-deficient  rat. 

Further  investigations  of  ACTH  in  the  pituitary  and  arterial  rather  than 
venous  blood  (Syndor  and  Sayers,  1952)  at  various  periods  during  the  prog¬ 
ress  of  the  deficiency  may  display  changes  in  the  secretory  and  disappear¬ 
ance  rates  (Gemzell,  1951)  of  ACTH  that  were  not  rev^ealed  in  this  inquiry. 
During  stress  the  capacity  of  the  pituitary  to  meet  the  increased  require¬ 
ments  for  ACTH  may  unfold  a  pituitary  impairment  in  the  pantothenic 
acid-deficient  animal  which  was  not  displayed  in  the  non-stressed  deficient 
animals  investigated  here. 

SUMMARY 

By  means  of  the  bioa.ssay  technic  with  hypophysectomized  rats  it 
was  found  that  the  quantities  of  ACTH  in  the  pituitary  and  venous  blood 
of  pantothenic  acid-deficient  female  rats  were  equal  to  those  found  in  the 
normal  and  pair  fed  controls.  The  results  are  interpreted  to  indicate  the 
absence  of  a  pituitary  lesion  in  the  pituitary-adrenal  axis  of  the  unstressed 
pantothenic  acid-deficient  rat. 
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INTRODUCTION 

The  anterior  pituitary  has  been  shown  to  be  important  to  the  develop¬ 
ment  of  the  mammary  gland,  in  the  initiation  of  lactation  and  in  the 
production  of  milk.  Grueter  and  Strieker  (1929)  describe  both  the  initia¬ 
tion  of  lactation  and  the  augmentation  of  milk  production  following  the 
administration  of  pituitary  extracts.  Riddle,  et  al.  (1931-32)  used  the  term 
“prolactin”  to  describe  the  pituitary  substance  which  is  believed  to  be  re¬ 
sponsible  for  the  initiation  of  lactation.  Asimov  and  Krouze  (1937)  report 
that  certain  pituitary  extracts,  presumably  rich  in  Growth  Hormone  (GH), 
increased  milk  production  when  given  to  lactating  cattle.  Bergman  and 
Turner  (1940)  suggest  the  term  “galactopoetic”  or  “galactogogue”  for 
substances  which  augment  established  lactation.  Independently,  Folley 
and  Young  (1940)  suggest  the  term  “galactopoietic”  to  describe  hormone 
preparations  which  enhance  milk  production  in  an  animal  already  lactat- 
ing. 

Sykes  et  al.  (1942)  approaching  the  problem  of  milk  production  in  cattle 
from  the  standpoint  of  the  metabolic  action  of  the  anterior  pituitary  ex¬ 
tracts,  report  greater  increments  in  milk  and  milk  fat  production  from 
crude  anterior  pituitary  extracts  than  from  a  prolactin  preparation.  Fawns 
(1945),  Folley  et  al.  (1945)  and  their  co-workers  in  a  series  of  papers  dealing 
with  the  effects  of  pituitary  extracts  on  milk  production  in  dairy  cattle, 
conclude  that  the  dialietogenic  fraction  and  the  galactopoietic  substance 
of  the  anterior  pituitary  are  one  and  the  same.  In  a  later  paper.  Cotes  et  al. 
(1949)  report  that  purified  GH  was  indeed  galactopoietic.  Subsequently 
this  work  was  confirmed  by  Donker  and  Petersen  (1951)  and  Wrenn  and 
Sykes  (1953).  Jordan  and  Shaff hausen  (1954)  report  that  GH  is  galacto¬ 
poietic  in  the  ewe.  Cotes  et  al.  (1949)  also  report  that  the  administration  of 
a  crude  adrenocorticotropin  (ACTH)  depressed  milk  yield  significantly, 
and  pointed  out  the  contradiction  between  their  findings  and  the  observa¬ 
tions  of  Roy  (1947),  whose  earlier  experiments  in  the  same  laboratories  in¬ 
dicate  that  under  some  conditions  ACTH  could  exert  a  substantial  galacto- 
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poietic  action.  A  paper  by  Flux  (1954),  which  appeared  as  the  final  manu¬ 
script  of  this  paper  was  being  prepared,  confirms  the  preliminary  finding  of 
Shaw  et  al.  (1952)  that  highly  purified  ACTH  depresses  milk  production  in 
cattle. 

The  present  series  of  experiments  was  initiated  as  part  of  a  study  of  the 
endocrine  factors  associated  with  bovine  ketosis.  During  the  course  of  these 
experiments  the  effects  of  ACTH  and  GH  alone  or  in  yarious  combinations, 
on  milk  production,  milk  fat  concentration,  blood  sugar  and  blood  ketone 
concentrations  in  cows  were  recorded.  It  is  believed  that  these  experiments 
may  cast  some  light  on  the  metabolic  effects  of  ACTH  and  GH,  and  will 
add  to  our  knowledge  of  the  effects  of  these  hormones  on  lactating  rumi¬ 
nants. 


EXPERIMENTAL 

Animals:  The  experimental  animals  were  six  normal  lactating  cows — (3  Holsteins, 

1  Ayrshire,  1  Guernsey  and  1  Jersey)  selected  randomly  from  the  experimental  herd  at  the 
University  of  Maryland.  The  postpartum  intervals  for  these  animals  at  the  start  of  the 
experiment  ranged  between  2.3  and  20  months. 

Hormones:  The  ACTH*  was  suspended  in  a  “long  acting”  gelatin  vehicle  at  a  con¬ 
centration  equivalent  to  10  i.u./cc.  Bioassays  indicate  that  there  is  little  if  any  contam¬ 
ination  of  the  ACTH  preparation  by  any  of  the  other  known  anterior  pituitary  hormones. 
Oxytocic  and  pressor  hormone  contamination  was  of  the  order  of  2.4  and  10  units  ])er 
200  units  of  ACTH,  respectively.  The  GH*  preparation  was  administered  in  physio¬ 
logical  saline  solution  at  a  concentration  equivalent  to  10  mg./ 1  cc.  of  the  Armour  Stand¬ 
ard  22KR2.  Thyroid  stimulating  hormone  (TSH),  the  principal  anterior  pituitary  hor¬ 
mone  contaminant,  approximated  30  U.S.P.-TSH  /x  lOO  mg.  of  GH.  Both  the  ACTH 
and  GH  were  given  by  intramuscular  injection. 

Methods:  The  cows  were  milked  twice  daily  by  machine  followed  by  hand  stripping  ac¬ 
cording  to  the  routine  practice  in  the  University  of  Maryland  experimental  herd.  The 
milk  production  of  the  individual  animals  was  recorded  daily.  The  milk  fat  concentration 
was  determined  by  the  Babcock  method.  Blood  sugar  and  ketone  concentrations  were  de¬ 
termined  at  regular  intervals  during  the  course  of  the  experiment  by  the  respective 
methods  of  Somogyi  (1937)  and  Weichselbaum  (1941). 

Ration:  Prior  to  each  hormone  treatment,  the  nutritive  requirements  of  each  animal 
were  adjusted  according  to  Morrison’s  (1948)  upper  T.D.N.  (Total  Digestible  Nutrients) 
Standard  for  lactating  cows.  This  dietarj'  intake  was  maintained  for  the  duration  of  the 
experiment  except  as  noted.  Full  feeding  was  considered  to  be  1 10%  of  Morrison’s  upper 
Standard  except  in  the  second  experiment  in  which  40%  T.D.N.  was  fed.  The  ration 
consisted  of  U.S.  No.  2  leafy  alfalfa  hay  which  was  fed  at  a  constant  level  of  1.5  lbs.  per 
100  lbs.  body  weight  per  day,  and  a  16%  protein  concentrate  mixture  which  was  fed  at 
varying  levels  so  that  full  feeding  or  various  degrees  of  inanition  could  be  imposed  on  the 
animals  during  the  course  of  the  experiments. 

Treatments:  Experiment  I.  In  the  first  hormone  test  following  a  preliminary  dietary 
adjustment  period  of  7  days  at  full  feed,  100  mg.  of  GH  was  given  daily  for  6  days. 

Experiment  II.  In  the  second  hormone  test,  initiated  12  days  following  cessation  of 
the  first  hormone  treatments,  a  limited  feed  intake,  40%  of  requirements,  was  main- 
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tained  for  a  period  of  eight  days.  Beginning  with  the  4th  day  and  extending  through  the 
8th  day  of  partial  fasting,  daily  injections  of  100  mg.  of  GH  were  given. 

Experiment  III.  Following  a  15  day  rest  period  during  which  the  cows  were  returned 
to  full  feed,  the  third  hormone  test  was  initiated.  In  this  test  the  cows  received  daily 
injections  of  100  mg.  of  GH  and  200  units  of  ACTH  for  a  period  of  6  days. 

Experiment  IV.  After  15  days  of  full  feeding  following  the  conclusion  of  test  III,  the 
fourth  hormone  test  was  initiated.  During  the  test  the  cows  received  200  units  ACTH 
daily  for  6  days. 

RESULTS 

A  plot  (Fig.  1)  .shows  the  daily  variation  in  the  average  milk  production 
(4%  fat  corrected  milk,  Gaines,  1923),  per  cent  milk  fat,  blood  glucose  and 
blood  ketone  levels  for  the  6  cows  during  the  75  day  experimental  period. 
In  (Table  1)  are  shown  the  individual  blood  sugar,  blood  ketone  concentra¬ 
tions,  milk  yield  and  milk  fat  per  cent  at  selected  intervals  for  the  6  cows 
during  the  four  experimental  periods. 

In  Experiment  I  the  administration  of  100  mg.  GH  daily  for  six  days 
produced  an  average  increase  in  milk  yield  of  approximately  7  lbs.  (from 
15  lbs.  to  22  lbs.  per  day).  The  per  cent  milk  fat  remained  nearly  constant 
during  the  treatment  period;  thus  the  total  milk  fat  production  increased 


I 


Fig.  1. 
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Table  1.  Day  of  experiment 


Cow  Name 

Breed 

3 

6* 

9I 

18" 

21" 

26" 

42"! 

48 

52 

62 

65‘V 

75 

Jersey 

15.7 

19.1 

22.1 

14.3 

9.9 

15.3 

14.2 

16.8 

14.5 

12.2 

6.8 

10.2 

Eunice 

Holstein 

18.4 

21.3 

24.5 

17.2 

13.5 

16.6 

18.9 

19.4 

18.2 

15.7 

12.4 

13.7 

Milk 

Kate 

Ayrshire 

7.9 

9.4 

13.1 

9.3 

7.9 

13.6 

8.9 

8.0 

7.5 

6.2 

3.5 

— 

production 

Folley 

Guernsey 

14.6 

16.6 

19.3 

15.1 

11.4 

14.1 

15.9 

17.4 

16.4 

15.1 

10.4 

13.6 

Ibe/day 

Avery 

Holstein 

14.4 

19.0 

22.0 

16.8 

9.8 

14.7 

15.5 

17.1 

15.9 

13.9 

7.9 

10.7 

Charm 

Holstein 

21.3 

24.0 

29.2 

22.3 

15.3 

19.6 

17.9 

21.8 

18.6 

16.4 

9.4 

14.5 

1  Averages 

15.4 

18.3 

21.7 

15.8 

11.3 

15.6 

15.2 

16. 7‘ 

15.2 

13.3 

8.4 

12.5 

Abett 

Jersey 

6.2 

5.6 

5.8 

5.8 

5.9 

8.0 

5.3 

7.8 

5.8 

5.5 

7.2 

_ 

Eunice 

Holstein 

5.0 

5.5 

5.4 

4.6 

6.3 

7.8 

4.r 

7.7 

5.2 

5.5 

6.3 

— 

Kate 

Ayrshire 

4.2 

2.9 

3.6 

4.1 

4.4 

4.1 

3.8 

9.4 

5.4 

3.3 

6.0 

— 

Per  cent 

Folley 

Guernsey 

5.3 

5.1 

6.2 

5.3 

6.0 

6.5 

5.6 

8.4 

5.3 

4.9 

7.1 

— 

milk  fat 

.\very 

Holstein 

5.0 

5.3 

5.2 

4.8 

5.9 

6.9 

4.8 

6.2 

5.2 

4.7 

7.0 

'  - 

Charm 

Holstein 

3.3 

3.2 

3.2 

3.3 

3.9 

4.6 

3.3 

5.4 

3.7 

3.4 

5.3 

— 

1  Averages 

4.8 

4.6 

4.9 

4.6 

5.4 

6.3 

4.6 

7.5 

5.1 

4.5 

6.5 

- 

Abett 

Jersey 

49 

54 

50 

45 

33 

45 

39 

L_y 

52 

42 

85 

— 

Eunice 

Holstein 

50 

61 

56 

54 

37 

50 

45 

61 

47 

44 

63 

— 

Kate 

Ayrshire 

51 

56 

64 

48 

42 

52 

49 

57 

50 

54 

116 

— 

Blood  sugar, 
mg./lOO  ml. 

folley 

Guernsey 

50 

58 

50 

49 

40 

42 

50 

75 

47 

50 

71 

— 

Avery 

Holstein 

50 

59 

55 

42 

35 

46 

43 

63 

52 

50 

83 

— 

Charm 

Holstein 

51 

63 

61 

50 

33 

46 

49 

72 

53 

51 

87 

1  Averages 

50.1 

58.3 

56.0 

48.0 

36.4 

46.8 

45.5 

70.3 

50.0 

48.3 

84.1 

- 

Abett 

Jersey 

8.7 

2.7 

5.9 

2.7 

4.1 

3.4 

4.8 

— 

_ 

— 

— 

Eunice 

Holstein 

5.9 

3.0 

4.2 

2.6 

— 

3.2 

3.1 

3.9 

— 

— 

4.4 

— 

Kate 

Ayrshire 

4.4 

3.0 

2.6 

2.9 

1.9 

2.7 

2.4 

— 

— 

5.4 

— 

— 

Ketones, 

Folley 

Guernsey 

3.0 

2.7 

3.1 

2.7 

1.9 

4.0 

3.0 

4.0 

— 

— 

4.7 

— 

mg./lOO  ml. 

Avery 

Holstein 

4.6 

3.0 

4.2 

2.7 

— 

3.7 

3.4 

4.2 

— 

— 

— 

Charm 

Holstein 

2.6 

2.7 

2.6 

4.6 

“ 

3.8 

3.2 

2.4 

“ 

— 

1  Averages 

4.8 

2.8 

3.7 

3.0 

- 

3.4 

3.1 

3.9 

- 

- 

- 

- 

as  the  milk  production  increased.  The  blood  glucose  levels  increased  slight¬ 
ly,  rising  approximately  11  mg.  per  100  ml.  on  the  second  day  of  GH  treat¬ 
ment.  Throughout  this  and  the  following  experiments,  no  significant 
changes  were  observed  in  the  blood  ketone  levels. 

In  Experiment  II  partial  feeding  for  eight  days  with  100  mg.  GH  given 
daily  beginning  on  the  fourth  day  and  continuing  through  the  eighth  day, 
two  phases  of  response  became  apparent.  During  the  first  3  days,  in  which 
the  animals  were  fed  the  limited  ration,  milk  production  fell  approximately 
4  lbs.  (from  15  lbs.  to  11  lbs.).  The  average  blood  glucose  levels  decreased 
approximately  12  mg./lOO  ml.  The  average  milk  fat  per  cent  increased 
0.8%.  In  the  second  phase  (5  days)  during  which  the  under  feeding  was 
continued  and  the  animals  were  treated  with  100  mg.  GH  per  day,  a  return 
of  milk  production  and  blood  glucose  to  normal  levels  and  a  striking  in¬ 
crease  in  milk  fat  per  cent,  from  approximately  4.5%  to  6.5%,  resulted  in 
a  greater  production  of  fat  than  during  the  pre-treatment  period. 

In  Experiment  III  with  the  administration  of  100  mg.  GH  and  200  i.u. 
ACTH  daily  for  6  days,  milk  production  was  observed  to  increase  slightly 
(from  15.2  lbs.  to  17.8  lbs.),  on  the  4th  day  of  hormone  treatments.  The 
milk  fat  increased  approximately  3%  reaching  the  high  level  of  7.5%  on 
the  day  following  cessation  of  treatment.  The  net  effect  of  this  change  is 
best  seen  by  comparing  on  Figure  1  the  plot  of  milk  production  and  4  per 
cent  fat  corrected  milk.  The  most  striking  change  was  observed  in  the  blood 
glucose  levels  which  rose  from  a  pre-treatment  level  of  45  mg.  per  100  ml. 
to  96  mg.  per  100  ml.  within  three  days. 
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In  Experiment  IV  in  which  200  i.u.  of  ACTH  was  given  daily  for  six 
days,  a  prompt  fall  in  milk  production  was  observed.  The  pre-injection 
average  milk  production  level  of  13.2  lbs.  fell  to  a  low  of  4.3  lbs.  on  the  day 
following  the  last  treatment.  The  milk  fat  rose  from  a  pre-injection  level  of 
4.6%  to  a  high  of  7.9%  on  the  6th  day  of  treatment.  Blood  glucose  rose 
from  48  mg.%  to  a  high  of  84  mg.  per  100  ml.  on  the  4th  treatment  day. 
Throughout  these  experiments,  perhaps  due  to  the  limited  number  of 
cases,  no  significant  breed  differences  in  the  response  to  the  various  treat¬ 
ments  were  noted.  Similarly,  there  appear  to  be  no  significant  differences 
in  response  which  can  be  related  to  the  “stage”  of  lactation,  although  most 
of  the  animals  were  in,  or  close  to  the  terminal  phase  of  lactation. 

DISCUSSION 

The  effect  of  the  various  treatments  reported  in  this  paper  on  milk  pro¬ 
duction,  milk  fat  production,  blood  glucose  and  blood  ketone  concentra¬ 
tion  probably  represents  only  the  most  superficial  ends  of  a  vast  series  of 
complex  changes  in  the  interactions  between  the  many  organs  and  tissue 
systems  of  the  lactating  ruminant.  The  increased  milk  production  in  cattle 
effected  by  daily  treatments  with  GII  confirms  the  findings  of  Cotes  et  al. 
(1949),  Donker  and  Petersen  (1951),  Wrenn  and  Sykes  (1953),  and  Jordan 
and  Shaffhausen  (1954),  demonstrating  the  galactopoetic  properties  of  GH. 
Similar  properties  have  been  attributed  to  the  other  hormones  included 
in  crude  pituitary  extracts  and  thyroid  hormone  preparations.  It  appears 
that  Experiments  II  and  III  comprise  the  first  demonstrations  of  the  spe¬ 
cificity  of  the  galactopoetic  effects  of  GH.  For  example,  in  Experiment  II 
during  partial  feeding  GH  reverses  the  downward  trend  in  milk  production, 
and  with  continued  administration  of  GH  milk  production  is  eventually 
returned  to  the  pre-fasting  level.  The  ability  of  GH  to  prevent  the  decline 
in  milk  production  associated  with  the  administration  of  ACTH  provides 
a  second  example  of  this  specificity.  Whether  this  effect  is  mediated  by 
mass  action  phenomena  in  which  the  plasma  levels  of  metabolites  critical 
to  the  production  of  milk  are  elevated  or  whether  GH  acts  directly  on  the 
mammary  tissues  remains  to  be  established.  In  either  event  the  role  of  GH 
appears  to  be  more  than  “permissive”  in  terms  of  the  concepts  developed 
by  Ingle  (1951). 

In  contrast  to  the  galactopoetic  effect  of  GH,  highly  purified  ACTH  was 
found  to  depress  milk  production  confirming  the  reports  of  Cotes  et  al. 
(1949),  Shaw  (1952)  and  Flux  et  al.  (1954).  (A  partially  purified  ACTH 
preparation  was  used  in  the  1949  experiments.)  The  well  known  catabolic 
effects  of  ACTH  may  be  operating  in  the  cow  to  depress  the  net  milk  pro¬ 
tein  synthesis  in  the  mammar}"  gland,  and  ultimately  to  interfere  with  milk 
production.  The  marked  depression  in  milk  production  and  increase  in 
milk  fat  concentrations  observed  when  ACTH  was  administered  in  Experi¬ 
ments  III  and  IV  are  also  in  agreement  with  the  findings  of  Flux  et  al. 
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(1954)  whose  more  detailed  milk  analysis  revealed  not  only  an  increased 
milk  fat  concentration,  but  also  an  increased  protein  concentration  follow¬ 
ing  the  administration  of  ACTH.  The  striking  parallelism  between  the  de¬ 
pression  of  milk  yield  and  the  increase  in  fat  concentration  under  condi¬ 
tions  of  partial  fasting  (Experiment  II)  or  ACTH  administration  (Experi¬ 
ment  IV)  and  the  reports  of  other  workers  who  have  shown  similar  changes 
under  a  variety  of  stressful  conditions  suggests  that  ACTH  via  the  adrenal 
cortex  may  be  an  important  factor  in  regulating  the  milk  fat  concentration 
of  the  ruminant.  The  known  lipotropic  effects  of  ACTH  and  certain  of  the 
adrenal  cortical  hormones  (Levin  and  Farber,  1952),  lends  support  to  this 
interpretation.  The  elevation  in  fat  concentration  is  somewhat  difficult  to 
rationalize  as  an  “ACTH  stress”  effect  in  the  face  of  the  prompt  fall  in 
blood  glucose  level  observed  during  the  period  of  partial  feeding  (Experi¬ 
ment  II),  except  as  it  is  possible  that  other  factors  may  interfere  with  the 
manifestations  of  the  blood  glucose  elevating  effect  of  ACTH  during  par¬ 
tial  fasting. 

The  fact  that  milk  fat  concentration  remained  high  during  the  periods 
of  increased  milk  production  in  the  2nd  phase  of  Experiment  II  and  in  Ex¬ 
periment  III  suggests  that  the  milk  fat  production  and  milk  production 
rates  may  be  independently  regulated.  In  a  series  of  experiments,  Shaw  et 
al.  (1953)  demonstrated  that  the  amount  of  Thyroid  Stimulating  Hormone 
(TSH)  contaminating  the  GH  preparation  used  in  these  experiments  is  not 
sufficient  to  effect  any  significant  increase  in  milk  production  during  these 
relatively  short  experimental  periods.  It  may,  therefore,  be  presumed  that 
the  TSH  contaminant  which  occurs  in  the  GH  perparation  is  not  sufficient 
to  interfere  with  the  anti-thyroid  activity  of  the  ACTH  as  suggested  by 
Flux  et  al.  (1954). 

In  connection  with  the  effects  of  the  various  hormone  treatments  on  the 
concentration  of  blood  glucose,  the  cow  apparently  presents  another  ex¬ 
ample  of  a  species  in  which  there  is  a  unique  preferential  sensitivity  or  re¬ 
sponsiveness  to  the  pituitary  endocrine  factors  regulating  carbohydrate 
metabolism.  The  GH  preparation  appears  to  be  far  less  diabetogenic  than 
ACTH  under  the  conditions  of  these  experiments,  and  based  on  other 
unpublished  experiments,  a  comparable  situation  seems  to  exist  in  the  non- 
lactating  ruminant  as  well  (Bunding,  1953).  The  blood  sugar  elevation  ob¬ 
served  when  ACTH  and  GH  were  given  simultaneously  appears  to  be  addi¬ 
tive  and  not  synergistic,  suggesting  that  the  effects  of  these  two  hormone 
preparations  are  mediated  via  different  systems  or  at  least  at  different 
stages  in  the  metabolism  of  glucose.®  Attention  should  be  drawn  to  the  fact 


®  An  unpublished  report  from  (Brumby,  Peter  J.,  Ruakura  Animal  Research  Station, 
Private  Bag,  New  Zealand)  suggests  that  in  the  cow  the  blood  glucose  elevating  effects 
of  the  Armour  Growth  Hormone  preparation  maj’  be  associated  with  the  Thyrotropin 
component. 
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that  in  two  instances  (Experiments  III  and  IV)  on  the  4th  or  5th  day  of 
ACTH  administration,  there  seems  to  be  a  slight  depression  in  the  blood 
glucose  concentration  followed  on  the  succeeding  day  by  a  rise  approximat¬ 
ing  the  preceding  high  level. 

From  these  studies  the  cow  appears  to  be  more  susceptible  to  the  dia¬ 
betogenic  effects  of  ACTH  than  GH.  The  cat  (Reid,  1953),  dog  (Campbell, 
1950)  and  pig  (Bunding,  1953)  are  less  resistant  (more  sensitive)  to  the  dia¬ 
betogenic  effects  of  GH  than  ACTH.  The  rat,  on  the  other  hand,  while 
susceptible  under  certain  circum.stances  to  ACTH  and  GH  induced  dia¬ 
betes  appears  to  be  relatively  more  resistant  to  the  diabetogenic  effects  of 
both  ACTH  and  GH.  These  variations  in  sensitivity  or  requirements  of 
the  various  species  to  a  given  hormone  may  be  related  to  the  normal  re¬ 
quirements  or  to  the  ability  of  the  tissues  to  utilize,  or  of  the  endocrine  or¬ 
gans  to  produce  the  several  hormones  involved  in  the  regulation  of  the 
energy  producing  systems.  That  these  effects  may  extend  into  other  sys¬ 
tems  than  those  regulating  carbohydrate  metabolism  as  suggested  by  De 
Bodo  (1953),  and  that  different  levels  of  these  hormones  may  be  involved 
in  different  systems,  is  suggested  by  the  neutralization  of  the  galactopoetic 
effect  of  GH  by  ACTH,  while  at  the  same  time  the  blood  glucose  level  re¬ 
mains  elevated. 

The  cow  and  other  ruminants,  by  virtue  of  their  peculiar  digestive  proc- 
es.ses,  utilize  short  chain  fatty  acids  as  their  major  energy  source.  Nor¬ 
mally,  these  species  have  low  blood  glucose  levels  and  are  less  dependent 
on  insulin  than  monogastric  mammals  who  normally  maintain  relatively 
high  glucose  levels.  It  appears  then  that  if  a  balance  between  the  anterior 
pituitary  growth  hormone,  the  adrenal  cortical  hormones  and  insulin  is 
critical  to  the  regulation  of  carbohydrate  or  energy  metabolism,  the  endog¬ 
enous  balance  between  these  factors  may  be  different  in  different  species. 
These  differences  may  be  related  not  only  to  the  diet  but  also  to  the  meth¬ 
ods  by  which  the  species  utilizes  its  diet,  and  may  account  for  the  failure 
of  the  cows  to  develop  any  considerable  degree  of  ketosis  under  any  of  the 
conditions  to  which  they  were  subjected  in  these  experiments. 

SUMMARY 

In  lactating  cattle,  certain  changes  in  milk  production  and  milk  compo¬ 
sition  brought  about  by  GH,  ACTH  and  partial  fasting  were  correlated 
with  certain  changes  in  blood  constituents;  Daily  administration  of  GH 
effects  an  increase  in  milk  production  and  slight  increases  in  blood  glucose 
levels.  The  fat  content  of  the  milk  is  not  altered  by  this  treatment.  During 
partial  fasting  milk  production  and  blood  glucose  concentration  decline, 
but  milk  fat  concentration  increases.  The  effect  of  this  fasting  on  milk  pro¬ 
duction  and  blood  glucose  concentration  is  reversed  by  GH,  but  the  milk 
fat  concentration  remains  elevated.  When  ACTH  is  administered  to  full 
fed  cows,  milk  production  declines,  but  milk  fat  and  blood  glucose  concen- 
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trations  increase.  When  ACTH  and  GH  are  given  simultaneously  there  is 
an  apparent  neutralization  of  their  opposite  effects  on  milk  production. 
Milk  fat  concentration  remains  elevated  and  their  effects  on  blood  glucose 
levels  appear  to  be  additive.  No  significant  changes  in  the  blood  ketone 
levels  were  observed  with  any  of  the  treatments.  The  implications  of  these 
observations  are  discussed. 
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INSULIN  IN  OBESE-HYPERGLYCEMIC  MICE 

THROUGH  measurements  of  endogenous  insulin,  the  existence  of  at 
least  two  types  of  diabetes  mellitus  in  man  has  been  established  (Born- 
stein  and  Lawrence,  1951;  Wrenshall,  Bogoch  and  Ritchie,  1952).  In  one 
type,  which  includes  all  growth-onset  subjects  studied,  the  source  and  sup¬ 
ply  of  endogenous  insulin  are  almost  totally  destroyed  after  a  relatively 
brief  initial  period  following  the  onset  of  diabetes.  In  a  second  type,  which 
includes  a  majority  of  maturity-onset  diabetic  human  subjects,  much  high¬ 
er  values  for  the  insulin  of  pancreas  and  of  blood  plasma  are  found.  In  such 
subjects  there  is  little  if  any  tendency  for  the  pancreatic  depot  of  in.sulin 
to  decrease  in  size  with  duration  of  the  diabetes. 

The  insulin  of  pancreas  in  the  diabetes  of  mature  dogs  resulting  from 
diabetogenic  pituitary  factors,  alloxan,  partial  pancreatectomy  or  in  dia¬ 
betes  appearing  spontaneously  corresponds  with  that  in  the  first  of  the 
above  two  types  of  diabetes  in  man  (Wrenshall,  Bogoch  and  Ritchie,  1952; 
Wrenshall,  Hartroft  and  Best,  1953,  and  in  press). 

As  yet  no  animal  counterpart  of  the  second  type  of  diabetes  in  man  has 
been  indicated  by  means  of  endogenous  insulin  studies.  However,  the 
hereditary  obese-hyperglycemic  syndrome  of  adult  mice,  studied  inten- 
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sively  in  recent  years  (Mayer,  1953,  and  Mayer,  1954),  is  similar  in  man}' 
ways  with  the  obese-hyperglycemic  syndrome  of  adult  man.  The  basic  ob¬ 
jective  of  the  present  study  is  to  measure  the  extractable  insulin  of  pan¬ 
creas  in  the  hereditary  obese-hyperglycemic  mouse  relative  to  non-obese 
normal-glycemic  controls.  Detailed  histologic  studies  of  the  hereditary 
obese-hyperglycemic  mice  will  be  published  elsewhere  (Andrus,  French 
and  Mayer).  At  this  time,  however,  it  would  appear  valuable  to  mention 
certain  preliminary  quantitative  data  regarding  the  islets  of  Langerhans. 
On  the.se  ba.ses  the  hereditary  obese-hyperglycemic  mouse  will  be  compared 
with  diabetic  man. 


MATERIALS  AND  METHODS 

The  animals  used  were  mice  with  the  obese-hyperglycemic  syndrome  and  their  siblings 
obtained  from  the  Jackson  Memorial  Laboratory,  Bar  Harbor,  Maine.  They  were  reared 
on  Purina  Laboratory  Chow  and  maintained  on  this  diet,  on  an  ad  libitum  basis  until 
being  sacrificed,  except  in  the  case  of  experimental  series  No.  4.  This  experiment  in¬ 
volved  a  comparison  of  obese  animals  fed  a  high  protein  diet  and  those  fed  the  Purina 
control  diet.  The  regimens  used  were  those  described  in  a  previous  study  (Mayer  and 
Jones,  1953).  The  animals  in  this  series  were  put  on  the  semi-synthetic  diets  eleven  days 
before  being  sacrificed.  In  experimental  series  No.  2  “young”  animals  were  used.  These 
were  two  months  old.  In  all  other  experiments  “mature”  animals  (over  4  months  old) 
were  used.  Sexes  were  not  distinguished  as  the  obese  hyperglycemic  syndrome  appears 
to  be  essentially  identical  in  both  sexes.  After  the  animals  were  sacrificed,  the  pancreases 
were  immediately  dissected  and  extracted  in  the  acid  alcohol  solution  described  bj-  Scott 
and  Fisher  (1938).  A  volume  of  4.0  cc.  was  added  to  each  gram  of  pancreas  to  be  ex¬ 
tracted,  the  latter  being  minced  with  sharp  scissors.  The  pancreases  of  each  group  were 
pooled. 

The  second  acid  alcoholic  extractions  of  pooled  groups  of  pancreases  were  made  fol¬ 
lowing  their  arrival  in  Toronto  from  Boston  by  air  exi)ress.  Assays  of  the  acid  saline 
solutions  of  crude  insulin  were  made,  using  a  mouse-convulsion  method  found  by  test 
to  be  insensitive  to  glucagon  (Wrenshall,  1954).  Blood  glucose  concentrations  were  de¬ 
termined  by  the  method  of  Somogyi  (1945).  The  nitrogen  content  of  groups  of  represen¬ 
tative  pancreases  obtained  from  sibling  animals  was  determined  by  the  micro-Kjeldahl 
method. 

For  histologic  studies  mature  obese  and  non-obese  mice  maintained  on  Purina  Lab¬ 
oratory  Chow  were  used.  The  pancreases  were  fixed  in  “Formol  sublimate”  and  stained 
sequentially  with  Gomori’s  aldehyde  fuchsin,  Weigert’s  iron  hematoxylin,  and  eosin. 
This  combination  of  stains  has  in  our  hands  been  the  most  satisfactorj'  for  differentiation 
of  both  alpha  and  beta  granules  in  this  particular  species  of  animal.  The  details  of  this 
staining  technique  will  be  published  elsewhere  (Andrus,  French  and  Mayer). 

RESULTS 

It  has  been  shown  previously  that  in  the  hereditary  obese-hyperglycemic 
syndrome  the  excess  weight  is  due  almost  entirely  to  fat,  with  the  active 
body  mass  (in  terms  of  body  nitrogen)  no  greater  and  even  smaller  than 
that  of  non-obese  animals  (Mayer,  1954).  Becau.se  of  this  difference  be¬ 
tween  obese  and  control  animals,  results  expressed  as  units  of  insulin  per 
gram  of  pancreas  or  per  unit  of  body  weight  are  difficult  to  interpret.  Hence 
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it  was  considered  that  the  most  meaningful  way  of  expressing  the  results 
from  the  present  study  is  in  units  of  insulin  extracted  per  whole  pancreas, 
and  per  milligram  of  nitrogen  in  pancreas. 

It  must  be  emphasized  that  in  each  series  control  determinations  were 
run  simultaneously  with  determinations  on  experimental  groups,  but  that 
shipping  and  extraction  conditions  varied  somewhat  between  series.  For 
the.se  reasons,  comparisons  are  limited  to  within  the  framework  of  each 
series,  and  are  not  valid  from  one  experimental  series  to  another. 

Table  1  gives  the  results  of  comparative  determinations  of  pancreatic 
insulin  obtained  from  mature  obese  and  non-obese  mice  (series  1,  3  and  5), 
young  obese  and  non-obese  (series  2)  and  obese  on  a  high-protein  and  a 

Table  1.  Comparative  determinations  of  the  extractable  insulin  of  pancreas 


IN  OBESE- 

HyPEROLYOEMIC  AND 

NON-OBESE 

SIBLING 

MICE 

KxperimentHl 

Beries 

Type 

Number 

and 

sex 

Average 

weight 

(gm.) 

Average 
blood 
sugar 
(mg.  %) 

Number 
of  assay 
animals 
injected 

Extractable  insulin 

Units,  whole 
pancreas 

Units,  niR. 

N,  in 
pancreas 

I 

Mature  obeae 

6  .M  +5  F 

71 .9 

250  ±51 

18 

0.17 

0.010 

(Preliminary) 

Mature  nonobese 

5  M  +5  F 

27.7 

155  ±  13 

18 

0.01 

0.002 

2 

Young  obest* 

7  M  +3  F 

42.4 

184  ±56 

66 

0.26 

0.027 

Young  nonobeBe 

5  M  +5  F 

24.7 

137  ±21 

42 

0.22 

0.023 

3 

Mature  obese 

6  M  +4  F 

51.6 

279  ±51 

60 

0.22 

0.013 

Mature  nonobese 

6  M  +5  F 

25.1 

155  ±15 

48 

0.16 

0.011 

4 

Mature  obese 

5  M  +3  F 

49.0 

158  ±48 

66 

0.54 

0.033 

hifth  protein 

Mature  obese 

6  M 

50.9 

163  ±  5ti 

42 

0.44 

0.027 

control  diet 

5 

Mature  obese 

4  M  +8  F 

42.0 

258±71 

.3t> 

0.39 

0.023 

Mature  nonobese 

6  .M  +6  F 

26.3 

182  ±23 

24 

0.21 

0.015 

control  (Purina)  diet  (series  4).  It  is  readily  seen  that  in  all  series  involving 
obe.se  and  non-obese  animals  (Nos.  1,  2,  3,  and  5),  the  insulin  extracted 
from  pancreas  in  obese  animals  was  greater  than  that  of  non-obese  ani¬ 
mals.  This  relationship  held  true  both  for  young  and  mature  animals,  in 
spite  of  the  higher  blood  glucose  levels  encountered  in  mature  animals.  The 
pancreatic  insulin  in  mature  obese  animals  on  a  high-protein  diet  was  high¬ 
er  than  that  of  similar  obese  animals  on  the  control  diet.  It  should  be  noted 
that  these  obese  mice  fed  a  diet  higher  in  protein  did  not  respond  with  ele¬ 
vation  of  blood  glucose.  This  lack  of  response  is  exceptional  when  com¬ 
pared  with  similar  animals  previously  reported  (Mayer  and  Jones,  1953) 
and  with  unpublished  data.  Pancreatic  insulin  expressed  as  units  per  mg.  of 
pancreatic  nitrogen  always  varied  in  the  same  direction  as  that  for  whole 
pancreas. 

In  comparing  the  pancreases  of  obese  and  non-obese  animals,  four  histo¬ 
logic  factors  have  been  evaluated,  e.g.  islet  volume,  concentration  of  paren¬ 
chymal  cells  within  the  islets,  concentration  of  beta  cells,  and  degree  of 
granulation  within  the  beta  cells.  The  results,  summarized  in  Table  2, 
represent  a  preliminary  survey  of  four  obe.se  and  three  non-obese  animals 
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and  as  such  have  not  been  submitted  to  statistical  analysis.  These  results 
confirm  impressions  gained  from  less  detailed  study  of  a  far  larger  number 
of  obese  and  non-obese  mice. 

Islet  volumes  have  been  approximated  very  roughly  from  random  repre¬ 
sentative  sections  from  the  tail  of  the  pancreas.  From  the  cross  sectional 
profile  of  each  islet  lying  in  a  given  section  and  examined  through  an  ocular 
grid,  the  volume  of  a  comparable  idealized  sphere  or  cylinder  was  calcu¬ 
lated.  When  the  approximated  islet  volumes  from  one  representative  sec¬ 
tion  of  each  pancreas  were  totalled,  it  appeared  that  the  obese  mice  possess 
ten  to  twenty  times  as  much  islet  tissue  as  the  non-obese  mice.  Volumetric 
reconstructions  of  islets  from  whole,  serially  sectioned  pancreases  are  in 
progress. 

Cell  concentrations  were  based  on  total  parenchymal  cell  counts  in  a 
given  islet  section,  expressed  in  terms  of  area  measured  with  a  calibrated 


Table  2.  Relative  quantitations  of  histologic  factors  considered  in  comparing 
TOTAL  ESTIMATED  BETA  CELL  GRANULATION  IN  OBESE  AND  NON-OBESE  MICE 


Relative 
total 
volumes 
fin  arbi¬ 
trary 
units) 

Cell  cone. 
(No.  cells 

X 10®  per 
cu.  mm.) 

% 

B 

cells 

Estimated 

total 

B  cells 
(arbitrary 
units)* 

Degree  of 

B  granula¬ 
tion 

(arbitrary 

units) 

Estimated 

total 

amount  of 

B  granula¬ 
tion 

(arbitrary 

units)* 

Obese  mice 
Xon-obese 

10-20 

1 

93 

9.3-19 

1 

0.9-1. 9 

mice 

1 

1.4 

70 

1 

10 

1 

‘  V'^alues  arrived  at  by  multiplying  the  figures  in  first  three  columns. 

*  Values  arrived  at  by  multiplying  figures  in  fourth  and  fifth  columns. 


ocular  grid.  These  concentrations  were  not  markedly  different  in  the  obese 
and  non-obese  animals  being,  when  expressed  in  terms  of  volume,  1 X 10® 
and  1.4X10®  cells  per  cu.  mm.  respectively. 

Beta  cell  counts  have  been  carried  out  to  date  on  thirty  non-obese  islets 
and  eleven  obese  islets,  the  latter  averaging  500  cells  per  islet.  It  should  be 
pointed  out  that  whereas  in  the  islets  from  non-obese  mice  beta  cells  could 
be  distinctly  recognized  and  tabulated,  in  the  islets  from  the  obese  mice  it 
was  not  possible  to  categorize  the  great  majority  of  beta  cells  due  to  the 
paucity  of  granules.  Hence,  in  the  latter  animals,  beta  cell  percentages 
represent  the  differences  between  total  parenchymal  cells  and  definite  alpha 
cells.  Beta  cell  counts  from  these  seven  animals  averaged  93%  in  the  obese 
mice  and  70%  in  the  non-obese,  with  virtually  no  overlapping  of  ranges. 

The  most  difficult  factor  to  quantitate  was  that  of  the  degree  of  beta 
cell  granulation.  To  date  we  have  had  to  rely  on  simple  visual  impression. 
It  has  been  pointed  out  before  (Mayer,  Andrus  and  Silides,  1953)  that  the 
hereditary  obese-hyperglycemic  mice  show  a  rather  consistent  picture  of 
marked  beta  cell  degranulation.  It  would  appear  that  the  obese  animals 
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possess  no  more  than  10%  at  most  of  the  amount  of  beta  granules  per  cell 
seen  in  their  normal  siblings. 


DISCUSSION 

The  metabolic  and  other  characteristics  of  the  hereditary  obese-hyper¬ 
glycemic  syndrome  of  mice  have  been  reviewed  recently  (Mayer,  1953,  and 
Mayer,  1954).  On  histological  grounds  and  on  the  basis  of  the  effects  of 
such  agents  as  growth  hormone,  insulin,  diethyldithiocarbamate  and  cobalt 
chloride,  it  was  postulated  that  the  syndrome  is  due  to  a  primary  hyper¬ 
secretion  of  glucagon,  causing  in  turn  a  secondary  hypersecretion  of  insulin, 
responsible  for  the  increased  lipogenesis  and  cholesterogenesis  (Mayer, 
1953;  Mayer,  Andrus  and  Silides,  1953;  Bates,  Mayer  and  Nauss,  1954). 
These  findings  have  been  recently  confirmed  and  extended  by  considera¬ 
tion  of  the  effects  of  synthalin  A,  alloxan  and  subtotal  pancreatectomy 
(Mayer  and  Silides).  On  the  other  hand,  the  almost  total  degranulation  of 
the  hyperplastic  beta  cells  previously  reported  (Mayer,  Andrus  and  Silides, 
1953)  might  be  interpreted  as  representing  almost  total  insulin  depletion. 
The  determinations  reported  in  this  paper,  demonstrating  a  consistently 
higher  than  normal  amount  of  insulin  in  the  pancreases  of  mice  with  the 
obese-hyperglycemic  syndrome,  militate  against  explaining  the  hypergly¬ 
cemia  by  a  defect  of  insulin  production  of  the  type  seen  in  the  established 
growth-onset  diabetes  of  man,  or  in  the  established  diabetes  of  dogs.  Alter¬ 
natively  they  could  be  interpreted  in  terms  of  the  first  mentioned  hypothe¬ 
sis,  with  little  or  no  histologically  demonstrable  material  signifying  stored 
insulin  (beta  cell  granulation)  to  be  seen  because  of  a  glucagon-produced 
hyperglycemia  which  mobilizes  insulin  from  the  pancreas  (Anderson  and 
Long,  1947). 

At  first  glance  there  would  appear  to  be  a  discrepancy  in  the  obese  mice 
between  the  appearance  of  the  markedly  degranulated  beta  cells  and  the 
concept  of  insulin  mobilization  on  the  one  hand  and  the  finding  of  increased 
pancreatic  insulin  on  the  other.  The  rather  crude  quantitative  histologic 
data,  however,  indicate  that  despite  the  marked  degranulation  of  the  beta 
cells  of  the  obese  mouse,  the  total  amount  of  beta  granulation  per  whole 
pancreas  may  be  equal  to  or  even  greater  than  that  of  the  non-obese  sib¬ 
ling  (Table  2).  Furthermore,  reserve  pancreatic  insulin,  e\ndenced  histo¬ 
logically  as  beta  cell  granulation,  presumably  passes  through  a  soluble 
phase  before  leaving  the  beta  cells.  It  has  also  been  shown  that  soluble  in¬ 
sulin  precipitated  from  commercial  preparations  by  histological  fixative 
does  not  show  the  staining  properties  of  beta  granules  (Gomori,  1943).  In 
view  of  these  considerations  the  degranulated  beta  cells  of  the  pancreas 
of  the  obese  mice  might  well  contain  increased  amounts  of  biologically  ac¬ 
tive,  histologically  undemonstrable  insulin.  In  short,  these  findings  of  in¬ 
creased  insulin  content  in  the  pancreas  of  the  hereditary  obese-hypergly¬ 
cemic  mice  are  entirely  consistent  with  the  concept  of  hyperfunction  and 
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hyperplasia  of  the  beta  cells.  Isolated  examples  of  near-normal  concentra¬ 
tions  of  insulin  in  diabetic  human  pancreases  associated  with  almost  com¬ 
plete  beta  cell  degranulation  were  similarly  observed  in  a  series  studied  by 
Hartroft  and  Wrenshall  (1953  and  in  press). 

SUMMARY 

The  obese-hyperglycemic  syndrome  of  mice  is  characterized  by  an  in¬ 
crease  in  the  extractable  insulin  of  pancreas  as  well  as  hyperplasia  and  de¬ 
granulation  of  the  beta  cells.  These  findings  appear  consistent  with  a  pri¬ 
mary  hypersecretion  of  glucagon  and  secondary  hypersecretion  of  insulin 
in  this  syndrome  postulated  and  supported  by  two  of  us  (J.  M.  and 
S.  B.  A.).  However,  the  direct  measurements  of  the  rates  of  secretion  of  in¬ 
sulin  and  glucagon  necessary  to  confirm  this  hypothesis  have  not  been 
made. 

The  fact  that  beta  cells  with  stainable  granules  and  extractable  insulin 
are  found  in  the  pancreases  of  some  maturity-onset  diabetic  human  sub¬ 
jects  in  amounts  which  approach  and  occasionally  exceed  the  average 
values  for  these  factors  in  non-diabetic  man  provides  a  limited  parallel 
with  the  above  findings  in  the  obese-hyperglycemic  mouse. 
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NOTES  AND  COMIMENTS 


THK  ADRENAL  ASCORBIC  ACID-DEPLETING  CAPACITY  OF 
EXTRACTS  OF  THE  INFANT  RAT  PITUITARY  GLAND 

The  studies  of  Jailer  (1950,  1951)  on  the  pituitary-adrenal  axis  of  the  immature  rat 
indicated  that  adrenal  cortical  responsiveriess  to  stimulation  by  exogenous  corticotropin 
teas  present  in  these  animals  from  the  day  of  birth.  When  extracts  of  pituitary  glands 
from  infant  donor  rats,  4  through  23  days  old,  were  injected  intraperitoneally,  in  saline 
susj)ension,  into  rats  under  8  days  of  age,  anterior  pituitary  corticotropic  activity  was  not 
present  in  detectable  amounts  until  the  donors  were  18  days  old,  or  over.  Consequently, 
the  inability  of  the  infant  rat  to  respond  to  a  single  stress,  was  attributed  to  an  inade¬ 
quate  supply  of  the  necessary  pituitary  hormone. 

The  presence  of  adrenal  ascorbic  acid-depleting  activity  in  acid  extracts  of  lyophilized 
pituitary  glands  obtained  from  immature  rats  of  the  Long-Evans  and  Wistar  strains,  4 
through  7  days  of  age,  is  reported  in  this  note. 

MKTHODS  .\ND  M.VI’KRIALS 

Donor  infant  rats  of  the  Long-Evans  and  Wistar  strains,  4  through  7  days  old,  were 
sacrificed  by  cervical  dislocation  and  the  pituitary  glands  immediately  removed.  The  glands 
were  pooled  in  groups  of  ten,  placed  in  a  fared  gelatin  capsule,  weighed  and  held  in  a  Dewar 
flask  containing  solid  CDj  until  lyophilized.  Extracts  were  prepared  by  triturating  a  weighed 
amount  of  pooled,  lyophilized  pituitary  glands  in  an  appropriate  volume  of  N/1000  HCl. 
Intravenous  injections  were  given  hypophysectomized,  male,  Sprague-Dawley  rats,  125-150 
gm.  in  body  weight;  intraperitoneal  to  intact  infant  rats.  The  U.S.P.  standard  corticotropin, 
in  N/IOOO  HCl  solution  was  used  as  the  reference  material  in  assays. 

All  infant  rat  adrenals  were  removed  2.5  hours  after  administration  of  the  test  dose; 
those  of  the  larger  hypophysectomized  rats,  1  hour  after.  The  trimmed  glands  were  weighed 
immediately,  placed  in  labeled  tubes,  and  frozen  in  COj  until  analyzed  for  ascorbic  acid  con¬ 
tent.  The  adrenals  of  infant  rats  were  weighed  in  groups  of  four,  obtained  from  two  animals. 

Adrenal  ascorbic  acid-depleting  activity  was  determined  by  the  method  of  Sayers  (1948) 
when  hypophysectomized  animals  were  employed,  and  by  the  Munson  (1948)  modification 
of  this  assay  procedure  when  intact  infant  rats  were  tested.  In  the  latter  case  the  pool  of  four 
adrenals  was  generally  used  in  analyzing  for  ascorbic  acid  by  the  method  of  Roe  and  Kuether 
(194.3). 


HKSULTS 

The  pituitary  glands  of  infant  rats  of  the  Long-Evans  and  Wistar  strains,  4  through 
7  days  of  age,  pooled  and  treated  as  described,  posse.ssed  the  capacity  to  dei)lete  adrenal 
ascorbic  acid  in  the  hypophysectomized,  male,  Si)rague-Dawley  rat,  12,5-150  grams  in 
weight.  A  similar  activity  was  observed  when  the  recipients  of  such  material  were  infant 
rats,  4  through  7  days  of  age.  The  pertinent  data  are  presented  in  Tables  1  and  2. 

The  data  presented  in  Table  2  were  obtained  over  a  i)eriod  of  5  months.  It  will  be  ob¬ 
served  that  the  concentration  of  adrenal  ascorbic  acid  in  the  infant  rat  is  considerably 
lower  than  that  of  the  adult,  which,  in  our  experience,  is  above  400  mg.%.  The  cumula¬ 
tive  results  indicate  that  a  dose  of  infant  rat  pituitary  extract,  equivalent  to  100  pg.  or 
more  of  dry  tissue,  produces  depletion  responses.  In  Table  3  are  given  data  on  two  indi¬ 
vidual  experiments  involving  the  intraperitoneal  injection  of  infant  rat  pituitary  extracts 
into  infant  rats,  4  through  7  days  old. 
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Table  1.  Adrenal  ascorbic  acid-depletion  responses  in  hypophysectomized  rats  of 
THE  8PRAGUE-DAWLEY  STRAIN,  125-150  GRAMS  IN  BODY  WEIGHT,  OBTAINED  BY  INTRAVENOCS 
INJECTION  OF  ACID  EXTRACTS  OF  PITUITARY  GLANDS  FROM  INFANT  BATS  OF  THE  LONG-EVANS 
AND  WISTAR  STRAINS,  4  THROUGH  7  DAYS  OLD,  AND  BY  THE  U.S.P.  STANDARD  CORTICOTROPIN 


Test 

Number 

of 

animals 

Test 

Test 
dose  per 

Mean 

response 

(adrenal 

ascorbic 

Analytical  data 

No. 

material 

100  gm. 

BW 

acid 

(log-dose  response) 

depletion 
mg.  %) 

• 

4 

IRP  (LE)» 

25  Mg. 

133 

S=  ±39.7*’ 

1 

4 

IRP  (LE) 

50  Mg. 

150 

b  =  83.9 

4 

IRP  (LE) 

100  Mg. 

183 

6 

IRP  (LE) 

12.5  Mg. 

28 

6 

IRP  (LE) 

25  Mg. 

95 

Sc=  +24.4' 

5 

IRP  (LE) 

50  Mg. 

125 

be  =  157 

5 

U.S.P.  Std. 

0.5  m.u.* 

61 

Xc  =  .16 

5 

U.S.P.  Std. 

1 .0  m.u. 

104 

R(USP/IRP)=33.2-* 

5 

U.S.P.  Std. 

2.0  m.u. 

141 

4 

IRP  (W)« 

12.5  Mg. 

67 

6 

IRP  (W) 

25  Mg. 

97 

Sc=  +25.4 

4 

IRP  (W) 

50  Mg. 

135 

be  =  1 16 

4 

U.S.P.  Std. 

0.5  m.u. 

87 

Xc  =  .22 

0 

U.S.P.  Std. 

1 .0  m.u. 

125 

R(USP/1RP)=.32.4 

4 

U.S.P.  Std. 

2.0  m.u. 

150 

7 

IRP  (W) 

25  Mg. 

87 

7 

IRP  (W) 

50  Mg. 

123 

Sc 

=  +24.8 

6 

IRP  (W) 

100  Mg. 

161 

be 

'=  105 

7 

U.S.P.  Std. 

0.5  m.u. 

83 

Xc 

=  .24 

7 

U.S.P.  Std. 

1 .0  m.u. 

117 

R 

(USP/IRP)=39 

6 

U.S.P.  Std. 

2.0  m.u. 

135 

Animals  sacrificed  and  adrenals  removed  1  hour  after  administration  of  test  dose. 

*  IRP  (LE) — Extracts  of  the  lyophilized  pituitary  glands  of  infant  Long-Evans  rats. 
*>  S — Standard  deviation;  b — slope;  X=S/b 

'  subscript  ‘c’  for  combined  data. 

•*  R — ratio  of  potency. 

*  IRP  (W) — Extracts  of  the  lyophilized  pituitary  glands  of  infant  Wistar  rats. 

'  m.u.  =  milliunits. 


DISCUSSION 

The  results  indicate  a  concentration  of  ACTH  of  about  0.03  milliunits  (U.S.P.)  per 
microgram  of  dry  infant  rat  pituitary  tissue.  On  a  wet  weight  basis  each  milligram  would 
contain  between  4  and  5  milliunits  of  ACTH.  This  quantity  of  hormone,  administered 
intravenously  to  the  hypophysectomized,  male,  Sprague-Dawley  rat  of  125-150  grams, 
of  bod}'  weight,  is,  in  our  experience,  sufficient  to  produce  maximal  depletion  of  adrenal 
ascorbic  acid.  The  wet  weight  of  1,420  pituitary  glands  obtained  from  infant  rats  was 
1,072  mg.,  an  average  of  0.75  mg.  per  gland.  Each  infant  pituitary,  therefore,  contains 
about  3  milliunits.  Clearly,  in  animals  averaging  less  than  10  grams  in  body  weight,  a 
pituitary  content  of  3  milliunits  of  ACTH  is  considerably  more  than  would  be  required 
to  effect  maximal  depletion  of  adrenal  ascorbic  acid,  were  all  other  physiological  factors 
comparable  to  the  more  mature  rat. 

The  lack  of  agreement  between  the  results  reported  here  and  those  of  Jailer  (1951) 
may  originate  in  strain  differences,  or  in  the  handling  of  the  tissues  prior  to  the  prepara¬ 
tion  of  the  extracts.  Further,  the  hypophysectomized  rat  provides  a  more  sensitive  test 
subject  than  the  infant  rat. 

That  infant  rats  do  not  respond  to  certain  stresses  by  depleting  adrenal  ascorbic  acid 
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Table  2.  Adrenal  ascorbic  acid  concentrations  in  infant  rats  following  intraperi- 

TONEAL  INJECTION  OF  U.S.P.  STANDARD  CORTICOTROPIN  OR  ACID  EXTRACTS  OF  INFANT  RAT 
PITCITARY  GLANDS,  LONG-EVANS  AND  WISTAR  STRAINS,  4  THROUGH  7  DAYS  OF  AGE 


('omposite 

group 

number 

Number  of 
observations 
(J  number 
of  rats) 

Test 

material 

Test  dose 
(total) 

Response  and 
std.  dev.  as 
adrenal 
ascorbic 
acid  cone., 

mg.  % 

P 

(group) 

2 

1 

2 

3 

4 

5 
() 

7 

8 

K 

10 

1 1 

12 

13 

14 

15 

64 

37 

13 

13 

7 

12 

12 

14 

5 

10 

11 

6 

10 

6 

5 

None 

N/lOOO  HCl 
U.S.P.  Std. 
U.S.P.  Std. 
U.S.P.  Std. 
U.S.P.  Std. 
U.S.P.  Std. 
U.S.P.  Std. 
U.S.P.  Std. 
IRP  Ext. 

IRP  Ext. 

IRP  Ext. 

IRP  Ext. 

IRP  Ext. 

IRP  Ext. 

None 

0. 1-0.4  ml. 

1  m.u. 

2  m.u. 

2.5  m.u. 

4  m.u. 

5  m.u. 

10  m.u. 

20  m.u. 

50  Mg.* 

100  Mg. 

125  Mg. 

200  Mg. 

250  Mg. 

500  Mg. 

259  ±42 
258  ±42 
230  ±35 
207  ±30 
227  ±32 
182  ±28 
215  ±39 
184  ±19 
188  ±25 
243+32 
215+50 
237  ±38 
187  ±33 
211  ±27 
170  +  17 

<  .05 

<  .01 
>  .05 
<.01 
<.01 
<  .01 
<.01 
>.10 
<.01 
>.10 
<  .01 
<  .02 
<.01 

.\nimals  sacrificed  and  adrenals  removed  2^  hours  after  administration  of  test  dose. 

*  Weight  of  dry  tissue  extraeted. 

cannot  be  attributed,  in  the  case  of  the  Long-Evans  and  Wistar  strains,  to  a  pituitary  in¬ 
sufficiency  of  the  necessary  corticotropin.  Further,  since  adrenal  responsiveness  of  such 
infant  animals  to  stimulation  by  exogenous  pituitary  preparations  has  been  demon- 

Table  3.  Comparative  responses  of  infant  rats,  4  through  7  days  old,  to  intraperi- 

TONEAL  INJECTION  OF  PITUITARY  EXTRACTS  FROM  RATS  OF  THE  SA.ME  AGE 

GROUP,  AND  OF  U.S.P.  STANDARD  CORTICOTROPIN,  AS  MEASURED  BY  THE 
CONCENTRATION  OF  ADRENAL  ASCORBIC  ACID 

Exp’t 

No. 

Test 

material 

Test  dose 
(total) 

Number  of 
observations 
(^  number 
animals) 

Mean 
adrenal 
ascorbic 
acid, 
mg.  % 

Standard 

error 

N/1000  HCl 

0.2  ml. 

3 

257 

11.3 

U.S.P.  Std. 

2.5  m.u. 

7 

227 

12.2 

U.S.P.  Std. 

5  m.u. 

7 

213 

11.3 

I 

U.S.P.  Std. 

10  m.u. 

7 

180 

7.0 

IRP  Ext. 

50  A/g.* 

7 

250 

14.1 

IRP  Ext. 

100  Mg. 

8 

232 

16.2 

IRP  Ext. 

200  Mg. 

7 

191 

13.6 

N/1000  HCl 

0.05  ml. 

5 

265 

20.1 

N/IOOO  HCl 

0 . 1  ml. 

6 

273 

13.1 

N/1000  HCl 

0.2  ml. 

5 

285 

27.6 

U.S.P.  Std. 

G  m.u. 

5 

218 

16.4 

11 

U.S.P.  Std. 

10  m.u. 

5 

195 

5.9 

U.S.P.  Std. 

20  m.u. 

5 

188 

11.4 

IRP  Ext. 

125  Mg. 

6 

237 

15.6 

IRP  Ext. 

250  Mg. 

6 

211 

11.1 

IRP  Ext. 

500  Mg. 

5 

170 

6.4 

Animals  sacrificed  and  adrenals  removed  2J  hours  after  administration  of  test  dose. 
*  Weight  of  dried  tissue  extracted. 
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strated,  the  failure  to  respond  to  stress  in  a  manner  similar  to  the  adult  animal  is  not 
adrenal  cortical  in  origin. 


SUMMARY 

Dilute  acid  extracts  of  lyophilized  pituitary  tissue  obtained  from  rats  of  the  Long- 
Evans  and  Wistar  strains,  4  through  7  days  old,  were  able  to  deplete  the  adrenal  ascorbic 
acid  content  of  hypophysectomized,  male,  Sprague-Dawley  rats,  125-150  grams  in  weight. 
A  qualitative!}'  similar  response  was  observed  when  such  extracts  were  injected  intra- 
j)eritoneally  into  4  through  7  day  old  rats  of  the  Long-Evans  ilnd  Wistar  strains.  Com¬ 
parative  assays  against  the  U.S.P.  standard  corticotropin  indicate  a  concentration  of  the 
adrenal  ascorbic  acid-depleting  moiety  equivalent  to  about  3  milliunits  (U.S.P.)  in  the 
average  pituitary  gland  of  rats  from  this  age  group. 
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THE  1955  ANNUAL  MEETING 

The  Thirty-seventh  Annual  Meeting  of  The  Endocrine  Society  will  be 
held  in  the  Chalfonte-Haddon  Hall  Hotel,  Atlantic  City,  New  Jersey,  on 
Thursday,  Friday  and  Saturday,  June  2,  3  and  4,  1955. 

Dr.  Matthew  Molitch,  705  Pacific  Avenue,  Atlantic  City,  New  Jersey, 
is  in  charge  of  the  local  arrangements  for  the  meeting. 

All  Scientific  Sessions  will  be  held  in  the  Chalfonte-Haddon  Hall  Hotel. 
The  rooms  in  which  each  session  will  be  held  will  be  announced  in  the  pro¬ 
gram  and  on  the  hotel  bulletin  board.  The  annual  dinner  is  scheduled  for 
Friday,  June  3,  at  7:30  p.m.,  preceded  by  cocktails  at  6:30  p.m. 

All  members  are  urged  to  make  hotel  reservations  immediately,  as  the 
hotels  expect  to  be  filled  to  capacity.  Correspond  directly  with  Chalfonte- 
Haddon  Hall,  advising  time  of  arrival  and  departure.  Make  your  reserva¬ 
tions  now  and  avoid  disappointment. 

Those  wishing  to  present  papers,  (time  limited  to  ten  minutes)  should 
send  four  copies  of  the  title  and  abstract  to  the  Vice-President,  Dr.  E.  B. 
Astwood,  30  Bennet  Street,  Boston  11,  Massachusetts,  not  later  than 
February  1,  1955.  It  is  imperative  that  the  abstracts  be  informative  and 
complete  with  results  and  conclusions  in  order  that  they  may  be  of  refer¬ 
ence  value  and  suitable  for  printing  in  the  program  and  Journals  of  the 
Society.  The  following  regulations  for  the  preparation  of  abstracts  and 
titles  must  be  carefully  followed  to  insure  consideration  of  the  paper  for 
the  program: 

1.  Abstracts  may  not  exceed  two  hundred  words,  or  equivalent  space, 
exclusive  of  title.  Neither  footnotes  nor  acknowledgments  to  sponsors 
can  be  published.  References,  if  used,  should  be  placed  in  the  body 
of  the  text.  The  abstract  should  consist  of  a  single  paragraph,  if  pos¬ 
sible.  Structural  chemical  formulas  cannot  be  used. 

2.  The  title  heading  should  be  arranged  as  follows: 

.  Line  1.  Title,  not  to  exceed  fifteen  words. 

Line  2.  Author /s.  The  name  of  each  nonmember-author  collabo¬ 
rating  with  member-authors  is  to  be  followed  by  the  phrase 
“(by  invitation).”  Names  of  nonmembers  who  are  intro¬ 
duced,  i.e.,  who  are  not  collaborators  with  member-au¬ 
thors,  are  to  be  followed  by  the  phrase  “(introduced  by 
.  .  .  ).”  The  principal  degree,  e.g.,  M.D.,  of  each  author 
should  be  given  after  his  name. 

Line  3.  Institute  of  origin  and  city  in  which  institution  is  located. 

3.  The  body  of  the  abstract,  typed  double-space,  should  follow  the  head- 
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ing.  The  original  copy  should  be  on  bond  paper.  There  should  be 
three  copies. 

4.  Abstracts  should  be  letter-perfect,  as  there  will  be  no  opportunity  for 
proof  reading  by  authors. 

5.  Abstracts  not  conforming  to  the  foregoing  regulations  will  be  returned 
to  the  authors. 


THE  SEVENTH  POSTGRADUATE  ASSEMBLY  IN  ENDO¬ 
CRINOLOGY  AND  METABOLISIVI  SPONSORED  JOINTLY 
BY  THE  ENDOCRINE  SOCIETY  AND  THE  INDIANA 
UNIVERSITY  SCHOOL  OF  MEDICINE  AT  THE 
CONTINUATION  STUDY  CENTER  OF  THE 
INDIANA  UNIVERSITY  MEDICAL  CENTER, 
INDIANAPOLIS,  INDIANA- 
SEPTEMBER  26-OCTOBER  1,  1955 

The  faculty  will  consist  of  twenty-one  eminent  clinicians  and  inves¬ 
tigators  from  various  parts  of  the  country  in  the  fields  of  endocrinology 
and  metabolism.  The  program  will  cover  the  various  endocrinopathies 
with  emphasis  on  the  clinical  aspects,  with  demonstrations  of  laboratory 
tests,  presentations  of  cases,  and  question  and  answer  panel  discussions. 
The  course  is  designed  to  cover  the  main  aspects  of  diagnosis  and  therapy 
in  the  field  of  endocrinology  and  metabolism  for  the  physician  in  general 
practice  and  for  those  in  other  specialties  who  wish  to  have  a  general 
knowledge  of  this  rapidly  growing  field. 

A  syllabus  with  brief  abstracts  of  lectures  will  be  available  to  the  regis¬ 
trants  at  the  time  of  the  assembly. 

For  further  information  concerning  the  program,  write  Post  Graduate 
Office,  Indiana  University  Medical  Center,  1100  West  Michigan  Street, 
Indianapolis  7,  Indiana.  Registration  is  limited  to  100;  tuition  fee  is 
$100.00.  Arrangements  for  housing  accommodations  will  be  made  through 
the  Indiana  Medical  Center. 

ANNOUNCEMENT 

The  1955  meeting  of  the  American  Goiter  Association  will  be  held  in 
the  Skirvin  Hotel,  Oklahoma  City,  Oklahoma,  April  28,  29  and  30,  1955. 

The  program  for  the  three  day  meeting  will  consist  of  papers  and  dis¬ 
cussions  dealing  with  the  physiology  and  diseases  of  the  thyroid  gland. 


